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PREFACE. 


t 

I HAVE  fpared  no  pains  in  collecting  materials 
for  the  Treatife  I now  prefent  to  the  world  : 
I have  condenfed  thofe  materials  into  one  volume, 
with  more  labour  than  I might  have  employed  in 
diftributing  them  into  two  or  three  : and  I have 
printed  it  on  a page  unufually  full,  at  the  fame 
time  that  I have  revived  an  ancient  and  ufeful 
practice  of  annexing  fide  notes  and  references ; 
which  I believe  has  fallen  into  negleCt,  becaufe 
it  requires  great  care  in  the  author,  uncommon 
attention  in  the  printer,  and  adds  to  the  expences 
incurred  by  the  publifher.  ( 

If  the  work  fhould  not  therefore  prove  to  be  fo 
ufeful  as  my  intention  defigned  it,  the  defeats  will 
have  arifen  chiefly  from  a want  of  that  ability, 
“which  he  who  has  it  not,  can  by  no  exertion  attain. 
The  attempt  itfelf  is  a proof,  however,  that  I in- 
dulge expectations  of  a very  different  kind. 
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viii  PREFACE. 

I believe  I fcarcely  need  remind  the  man  of 
fcience,  that  the  great  number  of  labourers  in  the 
chemical  examination  of  bodies,  has  rendered  it  a 
difficult  talk  to  collect  the  various  fads,  which  lie 
diftributed  in  the  ads  of  academies,  and  a variety 
of  literary  journals.  It  is  not  very  eafy  to  procure 
thefe  books  : and  the  perufal  of  them  produces  a 
voluminous  table  of  references ; in  which  fome 
things  may  be  overlooked,  even  when  noted.  A 
certain  degree  of  imperfedion  muft  arife,  in  every 
general  treatife,  from  this  caufe.  I have  endea- 
voured to  diminifh  it  as  much  as  poffible. 

In  treating  of  fads  long  fince  eftablifhed,  and 
fuch  whofe  difcoverers  are  unknown  to  me,  I have- 
not  quoted  my  authors ; for,  though  I would  gladly 
do  juflire  to  all  claims,  yet  the  in  veil:  i gat  ion  of 
chemical  hiftory  is  foreign  to  the  objed  of  my 
prefent  purfuit.  Whenever  I have  quoted,  it  is 
to  be  underftood  that  the  authors  are  worthy  of 
credit  and  refped ; and  that  the  reader  will,  in 
'almofl  every  inftance,  find  his  advantage  in  con- 
fulting  them  for  a fuller  account  of  the  fubjed.  But 
I have  quoted  thefe  only  when  it  appeared  neceffary 
either  to  complete  the  information  intended  to  be 
conveyed,  or  to  clear  myfelf  from  feeming  to  lay 
claim  to  their  difcoveries. 

With  regard  to  nomenclature  and  theory,  I 
have  attempted  to  keep  clear  of  every  fyftem.  I 
have  called  things  by  fuch  names  as  are  mod  in 
ufe,  except  where  the  ufual  name  pointed  too  evi- 
dently 
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dently  at  theories  either  long  fince  exploded,  or 
not  yet  proved  : and  in  the  relation  of  fads  I have 
found  it  much  lefs  difficult  to  exclude  theoretical 
allufions  than  I at  fird  apprehended,  when  I formed 
the  determination  of  confining  the  theory,  for  the 
moft  part,  to  the  ends  of  chapters.  It  would  be 
very  advantageous  to  fcienceif  this  refolution,  which 
I have  adhered  to  with  my  bed:  endeavours,-  were 
more  generally  adopted.  I do  not,  however,  wifli  * 
to  be  thought  blind  to  the  advantages  of  an  uniform 
nomenclature,  or  a confident  theory ; but  mud: 
urge  my  conviction  that  the  former  ought  to  be 
founded  on  the  mod  incontrovertible  faffs  only, 
becaufe  the  nomenclature  of  any  mere  theory  may 
be  productive  of  worfe  confequences  than  the 
mod  confufed  fet  of  terms  can  podibly  occafion. 
The  fydemizing  of  words,  indead  of  things,  is  the 
fruitful  fource  of  paralogifm  ; and  it  is  by  falfe 
reafoning  of  this  kind  that  a well-methodized  hypo- 
thefis  may  be  fupported,  long  after  the  pretended 
faffs  are  overthrown  upon  which  it  was  originally 
built.  Upon  the  two  theories  of  chemidry  I have 
fpoken  like  one  who  admits  neither  in  any  other 
way  than  as  probable  fuppofitions,  which  have  not 
v yet  been  experimentally  edablifhed.  The  logic  of 
the  managers  of  the  controversy  for  and  againd 
phlogidon,  appears  to  me  to  be  exceedingly  defeff  ive 
in  a great  number- of  indances.  The  exidence  of 
this  chemical  element  is  indeed  very  far  from  being 
w'ell  afeertained ; but,  on  the  other  hand,  there  arc 
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many  difficulties  which  attend  the  confideration  of 
chemical  faffs  without  it.  As  I think  the  anti- 
phlogidic  hypothefis  equally  probable  with  the  mo- 
dified fydem  of  Stahl,  and  more  elpecially  as  the 
excellent  works  of  a number  of  French  chemifts 

V 

are  written  in  the  language  of  that  hypothecs,  I 
have  judged  it  proper  to  explain  both.  And  this 
I have  endeavoured  to  do  in  fuch  a way,  as  to  create 
in  the  chemical  dudent  an  habit  of  deadily  and 
calmly  attending  to  the  operations  of  nature ; in- 
ilead  of  indulging  that  hafty  difpolition  for  theoriz- 
ing, which  indeed  might  pafs,  on  account  of  its 
evident  impropriety,  without  any  earned  cenfure, 
if  we  had  not  the  mortification  to  fee  it  too  much 
pradtifed  by  men  entitled  to  the  bed  thanks  of  the 
fcientidc  world,  and  on  that  account  poffeffing 
greater  power  to  miflead. 

London, 

Jan.  2 5,  1790. 

I FIAVE  carefully  revifed  the  fecond  Edition  of 
this  Work:  the  new  difcoveries  are  inferted;  and 
no  exertions  have  been  fpared  to  render  it  worthy 
of  the  didinguifhed  approbation  it  has  met  with. 

London, 

Nov.  I©,  1791. 
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EMENDATIONS  and  ADDITIONS. 


I HAVE  not  obferved  any  error  of  the  Prefs  but  fuch  as  the 
fenfe  of  the  context  will  obvioufly  tend  to  redlify. 

In  the  Chapter  on  Nitrous  Acid  I have  omitted  to  infert  an 
account  of  the  very  important  difcovery  of  the  Rev.  lfaac  Miner, 
B.D.  F.R.S.  inferted  in  the  LXXIXth  vol.  of  the  Philofophical 
Tranfadtions.  This  gentleman,  finding,  as  well  from  his  own  ex- 
periments as  thofe  of  others,  that  volatile  alkali  is  afforded  in  various 
inftances  of  the  application  of  nitrous  acid  to  metals  (fee  page  336 
of  the  following  treatife),  was  almoft  immediately  llruck  with  the 
notion,  that  the  procefs  might  be  inverted.  That  is  to  fay,  as 
the.  phlogifficated  air  of  nitrous  acid,  when  made  to  combine  with 
inflammable  air,  affords  volatile  alkali ; fo,  on  the  contrary,  if 
vital  air  could,  by  any  effedl  of  the  chemical  affinities,  be  made  to 
engage  with  the  phlogicated  air  of  volatile  alkali,  while  the  other 
principle,  namely,  the  inflammable  air,  fhould  be  either  retained 
or  difengaged,  the  refult  of  fuch  an  engagement  or  combination 
would  be  the  nitrous  acid  in  fome  of  its  modmeationsi  For  this 
purpofe,  he  crammed  a gun-barrel  full  of  manganefe  in  coarfe 
powder,  which  fubftance  is  known  to  afford  vital  air  by  heat,  and 
to  one  end  of  this  tube  he  applied  a retort  containing  the  cauftic 
volatile  alkali.  Heat  was  then  applied  to  the  gun-barrel,  and, 
as  foon  as  it  was  ignited,  he  placed  a candle  beneath  the  retort, 
which  caufed  the  volatile  alkali  to  boil,  and  pafs  through  the 
gun-barrel  in  the  form  of  alkaline  air  : the  confequence  was,  that 
nitrous  air  was  emitted  at  the  other  end  of  the  tube. 

Fie  likewife  repeated  the  experiment  with  fuccefs ; ufing  martial 
vitriol  calcined  to  whitenefs,  inflead  of  manganefe.  The  whole 
paper  is  highly  deferving  the  attention  of  chemHls. 
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In  the  fourth  Chapter  of  the  firft  Book  of  this  Work  I had 

t 

obferved  in  a note,  that  very  complete  fets  of  fmall  apparatus  for 
experiments  with  the  blow-pipe,  and  with  fmall  retorts  and  re- 
ceivers, were  fold  in  London,  under  the  infpeftion  of  Mr.  Ma- 
gellan, by  Brown,  Bookfeller,  Effex-ftreet,  in  the  Strand.  The 
death  of  that  worthy  and  aftive  philofopher  induced  me  to  cancel 
the  note  in  the  prefent  Edition  ; but  as  Mr.  Brown  has  fince 
acquainted  me  that  he  has  a confiderable  number  of  fets  remain- 
ing, I think  I fhall  do  a fervice  to  the  chemical  ftudent  by  repeat- 
ing the  information  in  this  place. 
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CHAP.  I. 

GENERAL  OBSERVATIONS  ON  CHEMISTRY,  ANfa  THE 
MEANS  BY  WHICH  ITS  OPERATIONS 
, v ARE  PERFORMED 

CHEMISTRY  may  be  confidered  either  as  a general 
fcience  or  an  art.  As  a fcience,  its  obje£l  is  to  ^0BstRVAT* ^ 

NT" 

eflimate  and  account  for  the  changes  produced  in  Chemiftry  de- 
bodies by  motions  of  their  parts  which  are  too  minute 
to  affedfc  the  fenfes  individually;  As  an  art,  it  confifts 
in  the  application  of  bodies  to  each  other,  in  fuch  fitua- 

. 

tions  as  are  bell  calculated  to  produce  thofe  changes. 

- The  operations  of  chemiftry  are  either  analytical,  Analyfi* 
when  compounded  bodies  are  refolved  into  their  Am- 
pler parts  ; or  fynthetical,  when  Ample  bodies  are  united  Synthefis. 
fo  as  to  form  a compound.  The  former  operation  is 
called  decompofition  j and  the  latter  compofition,  or 
combination.  There  are  few,  and  perhaps  no  che- 
mical procefles,  in  which  one  of  thefe  effedls  takes 
place  without  the  other. 

Heat  expands  folids,  then  renders  them  fluids  and 
afterwards  converts  them  into  vapour , and  thefe 
. 4 • ?>  changes 
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general  changes  fitcceed  each  other  as  the  intenfity  of  the  heat 
^oBSKRYAT.j  is  rendered  greater.  There  are  many  bodies  not  fuf- 
Heat.  ceptible  of  all  thefe  changes : but  it  is  highly  pro- 

bable that  this  is  owing  to  our  want  of  power  to  pro- 
duce a fufficient  degree  of  heat  or  coldnefs,  and  not 
to  the  peculiar  nature  of  the  bodies  themfelves. 
Analyfisbyheat.  The  heat  required  to  render  different  bodies  fluid 
or  elaftic,  being  different,  affords  a method  of  fepa- 
rating  the  parts  of  compound  bodies.  If  one  part  of 
a compound  body  be  rendered  fluid,  while  the  others 
remain  folid,  the  former  will  flow  into  the  lower  part 
of  the  containing  veffel,  and  leave  the  pores  of  the- 
latter  empty  : or  if  one  part  be  converted  into  va- 
pour, it  will  rife  and  fly  off,  leaving  the  other  parts, 
whether  folid  or  fluid,  in  the  veffel.  Thus  when  j}. 
frtixture  of  lead  and  copper  is  expofed  to  a gradual 
heat,  the  lead  melts  lirft,  and  leaves  the  copper.  And 
if  a mixture  of  water  and  fait  be  heated,  the  water 
being  converted  into  vapour,  flies  off,  and  leaves  the 
fait  behind. 

rtttra&lfcn.  All  the  parts  of  bodies  attraCt  each  other.  It  is  not 
neceffary  in  this  place  to  enquire,  whether  that  attrac- 
tibn  which  caufes  bodies  to  gravitate  or  have  weight, 
and  by  the  energy  of  which  the  great  motions  of  th^ 
* planetary  fyftems  are  governed,  be  the  fame  as  the  at- 

traction which  caufes  their  parts  to  adhere,  and  gives 
them  firmnefs  or  folidity.  It  is  enough  that  obfer- 
vation  has  not  yet  eftablifhed  the  truth  of  this  pro- 
pofltion  ; and,  confequently,  it  will  be  proper  to  con- 
fider  the  attraction  that  is  perceived  to  obtain  in 
chemical  operations,  as  a diftinCt  property  of  matter. 

The  attractions  which  are  obferved  in  chemiftry, 
.are  not  found  to  have  efficacy  at  any  fenfible  diftapee 

between 
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between  the  parts;  but  doubtlefs,  like  the  attractions  general 
bf  gravity,  magnetifm,  and  electricity,  they  are  ltronger  ^L^RVA1j 
the  lefs  the  diftance.  The  rigidity  and  permanent  Chemical  at- 
forms  of  folid  bodies  prevent  many  of  the  parts  of  two  tra<Sions 
feveral  bodies  from  coming  near  each  other : for  which 
r.eafon,  very  little  change  is  in  general  produced  by 
their  mutual  aCtion,  even  in  the  molt  favourable  cafe, 
when  powders  are  mixed  together.  But  when  one 
or  both  of  the  bodies  is  heated  fo  as  to  become  fluid, 
the  particles  eafily  move  among  each  other,  and  can 
more  readily  obey  the  attractions  which  exift  between 
them.  Hence  it  has  been  confidered  as  a chemical  — by  meant 
axiom,  that  bodies  do  not  act  on  each  other,  unlefs  one 
of  them  be  fluid. — This  aflertion  is  liable  however  to 
the  exception,  that  folid  bodies  will  combine  at  a tem- 
perature too  low  to  render  either  of  them  fluid,  pro- 
vided it  be  high  enough  to  fufe-the  compound  they  form* 

Thus  ice  and  fait  will  combine  at  a much  loyver  tempera- 
ture than  would  liquefy  either  alone,  if  the  temperature 
be  not  fo  low  as  to  freeze  the  brine  they  form  by  uniting* 

The  \vhole  art  of  the  chemifl  therefore  confifts,  Art 
either  in  feparating  the  parts  of  bodies  by  the  appli- 
cation  of  heat,  or  in  placing  them  fo  that  the  order  of 
arrangement  of  their  parts  may  be  changed  by  virtue 
of  their  feveral  attractions,  afiilted  by  heat  fufheient  to 
fufe  one  or  more  of  them,  or  at  leall  fuflic’.ent  to  pro- 
duce fufion  in  the  compound. 

Since  the  order  of  arrangement  of  the  parts  of  bodies  Eledive  attw- 
is  changed,  when  the  chemical  attractions  are  per- 
mitted to  aCt,  by  a due  fituation  of  bodies  with  refpeCt 
to  each  other ; it  clearly  follows,  that  the  attraction 
between  Come  kinds  of  bodies  is  ltronger  than  between 
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others.  This  difference  was  formerly  fuppofed  to  proceed 
from  a fimilitude  between  the  attracting  bodies,  and  for 
that  reafon  the  attraction  has  been  called  the  chemical 
affinity  of  bodies.  But  the  term  elective  attraction  is 
at  prefent  more  generally  ufecl  to  denote  this  property. 

Though  the  operations  with  bodies  that  require  a 
very  ftrong  heat  to  render  them  fluid,  do  not  eflen- 
tially  difler  from  thofe  which  are  made  with  fuch  bo- 
dies as  are  fluid  at  the  ufual  temperature  of  the  at- 
mofphere ; yet,  as  the  apparatus  for  producing  and 
maintaining  the  heat  in  the  former  cafe  is  unneceffary 
in  the  latter,  it  is  found  convenient  to  diftinguifh  the 
two  methods  by  different  appellations.  Operations 
made  with  bodies'  habitually  iolid,  which  of  courfe 
require  to  be  a£ted  on  by  a ftrong  heat,  are  faid  to  be 
made  in  the  dry  way  ; but  operations  wherein  any 
fubftance  is  employed  which  is  habitually  fluid,  are 
faid  to  be  made  in  the  liquid,  humid,  or  moift  way. 
No  diftin&ive  appellation  has  yet  been  generally  ad- 

t 

opted  for  operations  made  with  elaftic  fluids  \ though 
fome  call  this  the  pneumatic  method. 

In  every  faience  or  art  there  are  many  things  which 
require  to  be  frequently  mentioned.  If  thefe  were 
deferibed  as  often  as  they  are  mentioned,  it  is  obvious* 
that  a great  lofs  of  time  would  follow  j and  no  advan- 
tage would  be  gained  in  perfpicuity,  bccauie  thefe  de- 
feriptions  would  continually  divert  the  mind  from  the 
leading  objedl.  For  this  reafon  it  is  abfolutely  necef- 
fary  to  exprefs  fuch  things  by  Angle  words  or  terms, 
which,  when  once  underftood,  may  always  afterwards 
be  ufed  in  the  fame  fenfe.  Thefe  will  be  explained  in 
following  treatife  as  they  occur. 
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ON  HEAT. 
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HE  fenfatlons  expreffed  in  common  language  heat. 


by  the  words  heat  and  coldnefs,  are  of  too  fun-  

J , . Of  the  word 

pie  a nature  either  to  require  or  to  admit  of  definition,  heat. 

Thefe  words,  however,  are  not  always  ufed  to  denote 
tlie  fame  things  ; but  are  indiferiminately  applied  both 
to  the  fenfation  itfelf,  and  to  that  which  caules  it.  Thus 
we  fay  that  we  ourfelves  are  hot  or  cold,  and  that  the 
fire  or  ice  which  heats  or  cools  us  is  likewife  hot  or 
cold,  though  the  fenfations  we  experience  are  certainly 
very  different  things  from  that  which  enables  bodies 
to  excite  them.  It  may  alfo  be  remarked  that,  in 
this  ambiguous  manner  of  fpcaking,  there  is  another 
caufe  of  uncertainty,  that  arifes  from  the  life  of  a vari- 
able ftandard  of  companion.  Every  one  knows  that 
the  eflimate  of  heat  or  coldnefs  differs  in  various 
perfons,  becaufe  each  forms  his  judgment  from  his 
own  fenfations  : and  the  fame  body  may  appear  hot  to 
one  perfon,  and  cold  to  another,  or  to  the  fame  perfon 
at  different  times ; though  the  variation  is  not  in  the 
body  itfelf,  but  in  the  ftate  of  the  perfons  in  whom  thofe 
fenfations  are  excited.  Hence  it  appears  ndeeffary,  in 
order  to  avoid  error  in  the  purfuit  of  enquiries  con- 
cerning heat,  that  the  fenfe  of  the  words  made  ufe  of 
fhould  be  accurately  defined  ; arid  that  fome  fixed  fland- 
ard  of  comparifon  be  referred  to  inftead  of  the  human 
body,  which,  though  fixed  enough  for  the  common 
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HEAT. 


Word  heat. 


Temperaturo. 


Caufe  of  tempe- 
rature. 


affairs  of  life,  is  certainly  not  enough  fo  for  the  pur- 
pofes  of  fcience. 

The  word  heat,  in  a philofophical  fenfe,  is  ufed  to. 
denote  the  caufe  of  the  power  which  bodies  poffefs  of 
exciting  the  fenfations  of  heat  or  coldnefs. 

The  word  temperature  denotes  the  {late  of  the  body 
with  refpecl  to  that  power.  So  that  a body  which 
excites  a more  intenfe  fenfation  of  heat  or  coldnefs 
than  another  body,  is  faid  to  poffefs  a higher  or  lower, 
temperature. 

It  has  not  yet  been  determined  in  what  heat  itfelf, 
or  the  caufe  of  temperature,  confifts.  Two  opinions 
have  long  divided  the  fcientific  world.  One  is,  that 
heat  confifts  of  a peculiar  motion  or  vibration  of  the 
parts  of  bodies,  fo  that  the  temperature  is  higher  the 
ftronger  the  vibration : the  other  is,  that  heat  is  a 
fubftance  or  fluid,  whofe  greater  or  lefs  quantity  pro- 
duces a higher  or  lower  temperature.  Though  the 
decifion  of  this  great  queftion  is  highly  deferving  of 
the  attention  of  philofophers,  yet  it  will  not  be  ne- 
ceffary  to  confider  its  merits  in  this  place ; and  that 
more  efpecially,  as  the  doubts  refpedling  it  will  not  im- 
pede our  reafoning  concerning  fuch  phenomena  as  are 
well  known.  For  fince  effedls  are  proportioned  to 
their  adequate  caufes,  we  may  fpeak  of  the  quantities 
of  heat  in  bodies,  without  deciding  whether  they  be 
quantities  of  motion  or  quantities  of  matter  •,  the  rela- 
tions of  thofe  quantities  to  each  other,  and  not  their 
peculiar  nature,  being  the  chief  object  of  our  re- 
fearch. 


• Common  tem-  Two  bodies  which,  when  in  contact:,  neither  impart 
nor  receive  heat  from  each  other,  are  of  the  fame  tem- 
perature. 
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perature.  All  bodies,  therefore,  which  by  dire£t  or  heat. 
fucceflive  contact  communicate  with  each  other,  muft  V v 
either  have  the  fame  temperature,  or  the  hotter  will 
communicate  heat  to  the  others,  till  a common  tem- 
perature is  produced  amongfl  them. 

The  dilpofition  or  power  " of  quickly  tranfmitting  Condu&ors 
heat  in  the  produftion  of  a common  temperature,  is 
not  the  fame  in  different  bodies.  If  a number  of 
flraight  wires  of  equal  fizes,  but  different  metals,  he 
covered  each  with  a thin  coat  of  wax,  and  their  ends 
be  all  plunged  in  the  fame  heated  fluid — for  example, 
jnelted  lead — the  fufion  of  the  coat  of  wax  will  fliew 
that  heat  is  more  quickly  tranfmitted  through  fome 
metals  than  others.  Thus  alfo  it  is  found,  that  the 
end  of  a glafs  rod  may  be  kept  red-liot  for  a very  long- 
time, without  any  inconvenience  to  the  hand  which 
holds  the  other  end ; though  a fimilar  metallic  rod, 
heated  in  the  fame  manner,  would  very  foon  become 
too  hot  to  be  held,  bodies  that  quickly  alter  their 
temperature  by  communication,  are  faid  to  be  better 
conductors  of  heat  than  fuch  as  alter  more  flowly. 

The  general  effects  of  a change  of  temperature  are  Solid,  fluid,  and, 
thefe  : — A folid  is  rendered  fluid  by  an  increafe  of  P WU5 
temperature,  and  a (till  greater  increafe  converts  it  into 
elaflic  fluid  or  vapour.  If  the  body  be  compofed  of 
parts  which  become  folid,  fluid,  or  vaporous,  at  differ. 

Tent  temperatures  -,  and  the  elective  attraction  by  which 
thofe  parts  are  held  together  be  infufficient  to  prevent 
their  affuming  thofe  ftates  by  the  change  of  tempe- 
rature, a feparation  will  then  take  place : thus  a dimi- 
nifhed  temperature  feparates  many  falts  from  water,  by 
th^ir  becoming  folid  ; and  an  increafed  temperature  fe- 
ll 4 parates. 
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HEAT. 


Expanfion  by 
heat. 


Changes  by  heat 
do  not  follow  the 
deniity,  Sec.  of 
bodies, 


Irregularities. 
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Elaftic  fluids. 


parates  water  from  falts,  by  caufing  the  former  to  fly 
off  in  vapour.  Laftly,  if  neither  the  change  of  tempe- 
rature be  confiderable  enough  to  alter  the  date  of  foli- 
dity,  fluidity,  or  vapour,  which  the  body  under  confide- 
ration  may  happen  to  pofl'efs;  nor  the  body  itfelf  be  of 
that  nature  as  to  undergo  a reparation  of  its  parts  by 
the  change ; then  an  increafe  of  temperature  will 
caufe  an  increafe  in  the  bulk  or  dimenfions.of  the 
body,  which  will  lall  no  longer  than  during  the  time 
of  the  increafe. 

It  has  already  been  obferved,  that  the  temperatui'e 
at  which  different  bodies  change  their  form,  is  va- 
rious. Neither  this  property,  nor  the  expanfions  of 
bodies  by  heat,  have  been  obferved  to  have  any  cor- 
refpondence  with  their  denfity,  hardnefs,  fpeciflc  gra- 
vity, or  other  evident  properties.  There  are  likewif© 
fome  irregularities  in  the  contraction  or  expanfion, 
which  depend  on  circumftances  not  yet  well  afeer- 
tained,  near  the  freezing  point  of  water,  and  probably 
other  fubftances.  Pure  wrater,  when  cooled,  is  obferved 
to  contract  till  within  about  8 degrees  of  the  freezing 
temperature,  where  it  begins  to  expand  ; and  it  may  be 
cooled  ii°  below  that  temperature,  and  Hill  continue 
fluid.  An  adequate  explanation  of  the  circumftances 
that  attend  the  converfion  of  bodies  from  their  feveral 
ftates,  of  folidity,  fluidity,  and  vapour,  feems  to  pro- 
mife  a more  intimate  acquaintance  with  the  nature 
and  properties  of  the  particles  of  bodies  than  has  hi- 
therto been  obtained. 

Permanently  elaftic  fluids,  or  airs,  appear  to  differ 
from  vapour  in  the  eircumftance  that  they  take  and 
retain  the  elaftic  form  at  a lower  temperature.  There 


are 
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are  fadts  which  render  it  probable,  from  analogy,  that  heat. 
a great  degree  of  cold  would  convert  them  into  denfe  V v f 
fluids. 

It  is  a felf-evident  truth,  that  if  two  bodies  be  per-  Quantity  of  heat 

in  equal  bodies : 

fe£Uv  equal  and  alike  in  all  refpedls,  and  have  the  fame 
temperature,  they  will  poflefs  equal  quantities  of  heat. 

Thus,  a pound  of  gold  will  poflefs  an  equal  quantity 
of  heat  with  another  pound  of  gold,  at  the  fame  temr 
perature  ; a pound  of  water  will  poflefs  an  equal  quan- 
tity of  heat  with  another  pound  of  water,  at  the  fame 
temperature;  and  fo  forth.  From  this  it  will  alfo  be 
clear,  that  two  pounds  of  gold  will  poflefs  twice  as 
much  heat  as  one  pound  of  gold,  at  the  fame  tempe- 
rature ; and,  generally,  that  the  quantities  of  heat  in 
bodies  of  the  fame  kind,  and  at  the  fame  temperature, 
will  be  in  proportion  to  their  quantities  of  matter  or 
their  weights. 

If  two  fuch  equal  and  fimilar  bodies,  that  differ  in  —-differing  in 
temperature,  be  brought  together,  they  will  by  commu-  temP"rature 
nication  acquire  a common  temperature,  and  their  quan- 
tities of  heat  will  by  that  means  be  rendered  equal.  For 
this  purpofe  it  is  clear  that  the  hotter  of  the  two  bodies 
muff  have  communicated  half  its  excefs  to  the  colder  : 
the  quantity  of  heat  in  one  of  thefe  two  equal  bodies 
will  therefore  be  an  arithmetical  mean  between  the  two 
quantities  originally  poflcfled  by  each  of  them  ; that  is 
to  fay,  its  temperature,  or  the  common  temperature, 
will  exceed  that  of  the  colder  exa&ly  as  much  as  it  falls 
fliort  of  that  of  the  hotter  body. 

If  the  t\vo  bodies  had  been  unequal,  they  would  nctlu‘J’ 
neverthelefs  have  acquired  a common  temperatnre  by 
communication,  -but  the  excefs  of  heat  would  not  have 

been 
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been  equally  divided  between  them ; for  we  hava 
{hewn  that  the  quantities  of  heat  in  fuch  bodies,  at  the 
fame  temperature,  are  in  proportion  to  the  quantities  of 
matter.  If  the  furplus  of  heat  had  been  entirely  taken 
away,  it  is  obvious  that  their  temperatures  would  havq 
been  made  equal,  and  their  heats  would  have  been  in 
that  proportion  *,  and  there  is  no  other  way  of  adding 
the  furplus  to  them,  fo  as  to  preferve  the  fame  propor-i 
tion,  but  by  giving  more  to  the  larger  than  to  the 
fmaller  body,  according  to  its  quantity.  The  com- 
mon temperature  they  acquire  ftiews  that  this  is  done  ;• 
and  confequently  that,  -when  two  unequal  bodies  of  the 
fame  kind  acquire  a common  temperature  by  communi- 
cation, the  excefs  of  heat  in  the  hotter  body  is  divided 
between  them  in  proportion  to  their  weights  or  quan-, 
tities  of  matter. 

From  this  it  is  likewife  evident,  that  the  quantities 
change^ tempera-  of  heat  required  to  be  added  to  or  taken  from  bodies  of 
the  fame  kind,  to  produce  equal  changes  in  their  tem- 
perature, will  be  in  proportion  to  their  quantities  of 
matter. 

Thermometer;  The  foregoing  dedu&ions  naturally  lead  us  to  the 
confideration  of  an  inftrument  proper  to  fliew  the  tem- 
peratures of  bodies.  Such  an  inftrument  will  re- 
quire to  be  placed  in  contadl  with  the  body  under 
examination,  in  order  that  it  may  acquire  the  fame, 
iti  reijuifites.  temperature.  It  is  therefore  an  indifpenfable  condi- 
tion, that  the.  inftrument  fhould  be  of  that  fmall  bulk 
as  not  fenfibly  to  heat  or  cool  the  body  it  touches ; but 
that  the  common  temperature  of  the  inftrument,  and 
the  body  itfelf  upon  contact,  may,  without  perceptible 
error,  be  taken  for  the  original  temperature  of  the 

body. 


heat. 


Quantities  of 
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body.  Another  condition  equally  requifite  is,  that  heat, 
every  change  of  temperature  fhall  be  attended  with  L 
fome  evident  change  in  the  inftrument  by  which  it 
may  be  afcertained.  The  expanfions  and  contractions 
of  bodies  are  the  moft  convenient  for  this  purpofe. 

Thefe,  however,  are  fmall  •,  and  would  require  to  be 
magnified  by  fome  mechanical  or  optical  contrivance, 
if  a folid  body  were  made  ufe  of.  But  the  fmalleft 
change  in  the  bulks  of  fluids  may  be  eafily  fhewn  by 
the  happy  expedient  of  including  them  in  a bottle 
whofe  neck  is  long,  and  very  narrow,  in  proportion 
to  the  diameter  of  its  body.  On  thefe  confiderations  Mercurial  the?,, 
the  thermometer  is  made.  It  confifts  of  a glafs  ball  momctcr- 
or  bottle,  with  a long  narrow  tube  or  neck,  and  is 
partly  filled  with  mercury,  a fluid  preferable  to  all  others, 
from  its  unchangeablenefs,  the  regularity  of  its  ex- 
panfions, and  its  not  foiling  the  tube.  The  expan- 
fions or  contra&ions  of  the  mercury  are  fhewn  by  the 
rife  or  fall  of  its  furface,  which  is  meafured  by  a gra- 
duated fcale  ufually  fixed  to  the  tube. 

The  determination  of  the  correfpondence  between  Correfpondenee 
the  degrees  of  the  thermometer,  and  the  attual  varia-  °f  mercu^^th* 
tions  of  the  heat  of  fluids,  was  firft  accurately  deter- the  increments 

„ . J ofheatafeer- 

mined  by  Mr.  De  Luc.  By  mixing  equal  quantities  of  tailed  by  De 
water  at  different  temperatures,  he  found  that  the  Luc* 
thermometer  very  nearly  indicated  the  arithmetical 
mean  between  the  two  temperatures,  and  confequently 
that  its  indications  are  fuch  as  truly  correfpond  with 
the  quantities  of  heat. 

As  thefe  fundamental  experiments  cannot  be  too — By  Crawford, 
ftridlly  examined,  the  following  doubt  remained  to  be 
confidered,  namely,  whether  the  difpofition  to  give  out 

or 
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or  to  receive  heat,  were  the  fame  in  water  at  all  tem- 
peratures ; becaufe  it  is  clear  that,  if  this  difpofitioiT 
be  changed  by  heating  or  cooling,  the  temperature,  or 
power  to  heat  or  cool  other  bodies,  will  not  follow  the 
fame  proportion  as  the  quantities  of  heat;  though  it  may 
be  imagined,  not  without  probability  in  this  cafe,  that 
correfpondent  irregularities  in  the  expanfions  of  the  mer- 
cury, may  caufe  the  thermometer  to  indicate  the  arith- 
metical mean  between  the  two  expanfions  produced 
by  any  extreme  temperatures.  But  whatever  irregu- 
larities may  be  fuppofed  to  counteradl  each  other  in 
thefe  experiments  with  mercury  and  water,  it  is  to  the 
laft  degree  improbable  that  the  fame  compenfation 
would  be  found,  when  the  mean  temperature  is  ob- 
tained by  other  methods.  With  this  view  the  cele- 
brated Dr.  Crawford  * very  carefully  repeated  and 
confirmed  Mr.  De  Luc’s  experiments;  made  others  with 
a like  refult,  by  ufing  linfeed  oil  inftead  of  water,  and 
alfo  by  producing  the  mean  temperature,  permanently, 
in  air  included  in  a cylinder  formed  of  two  equal 
parts,  the  upper  of  which  was  kept  to  the  freezing 
point,  by  furrounding  it  with  pounded  ice  ; and  the 
lower  to  the  boiling-water  point,  by  furrounding  it 
with  a greater  fupply  of  fteam  than  could  be  condenfed 
by  its  contadL  The  near  correfpondence  of  thefe  fe- 
veral  methods  Ihevys  that  the  expanfions  of  the  mercury 
in  the  thermometer  arc  correfpondent  with  the  hc^t  it 
receives  < 

On  I-Icat.  London,  1788.  This  moft  valuable  performance 
contains  the  theory,  and  moft  of  the  fatts,  relating  to  heat ; and 
deferves  to  be  made  a part  of  the  library  of  every  natural  phi - 
lo  fop  her. 
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RELATIVE  AND  ABSOLUTE  HEATS. 


Thus  far  we  have  attended  only  to  the  communica-  heat. 

don  of  heat  between  bodies  of  the  fame  kind ; but  ^ v r 

when  two  equal  bodies  of  different  kinds  produce  a Quantities  of 
common  temperature  by  communication,  it  feldom  JSe«n<kinds0f 
happens  that  it  proves  to  be  an  arithmetical  mean  be-  re^at‘ve' 
tween  the  two  original  temperatures.  In  fuch  cafes  it 
is  evident  that  the  heat  which  was  communicated 
from  one  to  the  other,  has  not  altered  their  temperatures 
equally,  but  has  railed  or  lowered  that  of  the  one  more 
than  it  has  lowered  or  raifed  that  of  the  other.  And  as 
the  proportion  between  the  number  of  degrees  through 
which  one  of  two  bodies  is  thus  raifed,  and  the  other, 
lowered,  is  found  by  experiment  to  be  the  fame,  how- 
ever different  the  two  original  temperatures  may  have 
been,  provided  no  change  of  form  or  chemical  combi- 
nation has  been  produced  in  either  of  them  \ it  is  a ge- 
neral confequence,  that  the  quantity  of  heat  required  to 
alter  the  temperature  of  one  of  the  bodies  a Angle  de- 
gree, or  any  other  equal  part,  will  be  greater  or  lefs 
than  would  be  required  to  produce  the  fame  change  in 
the  otiier  body,  in  proportion  as  the  changes  produced 
by  the  communicated  heat  were  lefs'or  greater. 

1 he  whole  heat  in  each  body,  when  they  have  the  — aBiolute. 
fame  temperature,  muff  confift  of  the  fame  number  of 
degrees  : the  proportion  between  the  whole  heats  of  the 
bodies  will  therefore  be  the  fame  as  between  the  heats 
rc  quired  to  raife  each  of  them  a Angle  degree  : that  is 
to  fay,  the  comparative  heats  of  bodies,  at  the  fame 
temperature,  will  be  in  the  inverfe  proportion  of  the 
number  of  degrees  their  temperature  is  altered  by  the. 
fame  quantity  of  heat. 

To  illufhatc  this  bv  an  example  in  round  numbers  Example. 

Suppofc 
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Suppofe  a pint  of  mercury, at  the  temperature  of  136°,  b<i 
mixed  with  a pint  of  water  at  50°,  the  mean  temperature 
will  be  7 6°.  The  water  therefore  has  been  heated  26°, 
and  the  mercury  has  been  cooled  6o°,  by  the  lofs  of  the 
heat  it  imparted  to  the  water.  The  abfblute  heat  in  one 
degree  of  the  mercury  will  confequently  be  proportion- 
ally lefs  than  that  of  one  degree  of  the  water  ; becaufe 
the  very  fame  heat  which  has  raifed  the  water  26  degrees 
in  temperature,  would  raife  the  mercury  fixty,  if  it  could 
be  returned  again : and  the  whole  heat  contained  in 
the  mercury  will  be  to  that  of  the  water  in  the  fame  pro- 
portion of  26  to  60.  But  in  the  prefent  experiment  equal 
bulks  were  ufed ; and  mercury  is  about  1 3 times  as  heavy 
as  water.  An  equal  weight  of  mercury  would  contain 
only  one-thirteenth  part  of  the  heat.  Twenty-fix,  di- 
vided by  13,  quotes  2 : whence  the  comparative  heats 
of  mercury  and  water  are  in  tire  proportion  of  about  2 
to  60,  or  t to  30  ; that  is  to  fay,  a pound  of  mercury, 
at  the  fame  temperature,  contains  no  more  than  one- 
thirtieth  part  of  the  heat  contained  in  a pound  of  water. 

It  may  be  obferved  that  the  term  comparative  heat 
is  ufed  to  denote  the  proportion  of  the  abfolute  quan- 
tity of  heat  in  one  body  to  that  of  another  equal  mafs 
of  matter  at  the  fame  temperature,  confidered  as  a 
ftandard.  The  ftandard  made  ufe  of  is  pure  water,  iif 
a fluid  ftate.  Some  writers  call  this  fpecific  heat* 
The  difpofition,  or  property,  by  which  bodies  feverally 
require  more  or  lefs  heat  to  produce  equal  changes 
in  their  temperature,  is  called  their  capacity  for  heat. 
Thefe  capacities  are'  confidered  as  the  unknown  caufe 
of  the  differences  in  their  Comparative  heats,  to  which 
they  are  confequently  proportional. 


It 


CAPACITIES. 


It  is  found,  by  experiment,  that  the  capacity  of  the  heat. 

fame  body  for  heat  is  leaft  when  folid,  greater  when  Capacit!e7in"^ 
fufed  or  fluid,  and  greateft  of  all  when  it  becomes  various  ftates. 
converted  into  vapour,  or  elaftic  fluid. 

Alfo,  when  bodies  unite  by  virtue  of  chemical  at-  —changes  by 
traftion,  their  capacities  are  feldom  the  fame  as  the 
fum  of  the  capacities  of  the  bodies,  but  almoft  always 
either  greater  or  lefs. 

As  the  experiments  relating  to  the  capacities  of  Inferences, 
bodies  cannot  be  here  given  at  large,  it  will  be  proper 
to  mention,  by  way  of  inference,  fome  of  the  chief 
confequences  of  this  molt  luminous  do£trine  •,  firft  pre- 
mifing,  however,  that  thefe  indu£lions  have  all  been 
verified  by  experiment*. 

The  capacities  of  ice  and  fluid  water  are  found  to  be  ice  and  water, 
as  9 to  io.  Ice  cannot  therefore  be  converted  into 
water,  unlefs  it  be  fupplied  with  as  much  heat  as  is  fuf- 
ficient  to  anfwer  the  difference  of  capacity.  Thus,  if 
equal  quantities  of  ice  and  water,  both  at  the  tempera* 
ture  of  3 2°,  or  the  freezing  point,  be  expofed  in  fimi* 
lar  veflels,  at  the  fame  diftance  from  a fire,  both 
will  receive  heat  alike  •,  and  the  ice  will  be  melted  into 
water  at  32°,  while  the  water  in  the  other  veflel  will 
have  its  temperature  railed  to  178°.  Here  it  is  ob- 
vious that  the  fame  heat  which  raifed  the  water  146 
degrees,  was  merely  fufficient  to  fupply  the  increafed 
capacity  of  the  ice  ; for  which  reafon  this  lafl:  had  not  its 
temperature  raifed  at  all.  If  the  experiment  be  more 
accurately  made,  by  mixing  equal  weights  of  water  at 
178°,  and  ice  at  32°,  the  fame  confequence  will  follow 

* For  which  confult  Dr-  Crawford’s  Treatife,  already  fpoken  of. 
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for  the  ice  will  be  melted,  and  the  common  tempera- 
ture will  be  32°;  becaufe  the  ice  in  melting  receives 
no  augmentation  of  temperature,  but  abforbs  the  whole 
146°  of  heat  from  the  water,  by  virtue  of  its  increased 
capacity  when  it  becomes  fluid.  * 

And  fo  likewife,  when  water  is  frozen  by  the  lofs 
of  its  heat,  communicated  to  a cold  atmofphere,  or 
other  contiguous  bodies,  the  procefs  of  cooling  goes 
on  till  ice  begins  to  be  formed  : but,  during  the  whole 
time  of  the  converfion  of  the  water  into  ice,  the  tem- 
perature remains  ftationary,  becaufe  the  diminifhed  ca- 
pacity of  the  ice  caufes  it  to  give  out  heat,  the  conti- 
nual evolution  of  which  fupplies  the  refrigerating  bodies 
with  as  much  as  their  energy  of  cooling  might  other- 
wife  have  taken  to  caufe  a diminution  of  the  tempera- 
ture. When  the  whole  is  frozen,  this  fupply  of  ex- 
tricated heat  ceafes  ; and  therefore  the  caufe  that  cooled 
the  water  at  firft,  goes  on  in  cooling  the  ice,  until  the 
common  temperature  is  produced. 

In  all  experiments  wherein  the  capacities  of  the  fame 
bodies  are  changed,  and  the  difference  between  the 
quantities  of  heat  in  the  fame  body  in  both  ftates,  at 
one  common  temperature,  is  known  in  degrees  of  the 
thermometer,  we  may  derive  the  advantage  of  finding 
the  abfolute  quantities  of  heat  in  degrees  of  the  ther- 
mometer, or  the  number  of  degrees  which  any  parti- 
cular point  or  temperature  is  remote  from  the  true 
zero,  or  point  of  abfolute  privation  of  all  heat.  To  il- 
luffrate  this  curious  pofition,  the  experiments  on  ice 
and  water,  juft  related,  may  be  made  ufe  of.  The 
whole  quantities  of  heat,  in  thefe  two  ftates,  are  as  9 
to  10.  It  is  plain,  therefore,  that  when  water  freezes, 
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it  muft  give  out  one-tenth  of  its  whole  heat ; and  this  heat. 
tenth  part,  by  the  experiment,  is  found  to  anfwer  to  146°  v 
of  Fahrenheit’s  thermometer.  Confequcntly  its  whole 
heat  is  ten  times  146°,  or  1460°  of  Fahrenheit’s  ther- 
mometer, when  its  temperature  is  3 2°  above  Fahren- 
heit’s zero.  "Whence  the  natural  zero  * is  at — 1428°. 

No  direct  experiment  has  yet  been  made  to  fhew  the  Capacity  of 
capacity  of  fleam  with  relation  to  water.  An  indi-  fteam* 
red!  experiment  of  Dr.  Crawford  makes  it  as  15-^  to 
10  f.  It  is  accordingly  found  that  fleam,  in  its  con- 
denfation  into  water,  gives  out  as  much  heat  as  would 
raife  an  equal  quantity  of  non-evaporable  matter,  of 
the  fame  capacity  as  water,  914  degrees.  This  heat  it 
mufl  have  taken  up  at  its  formation.  Whenever  water 
is  heated,  We  may  confequently  confider  the  heat  as 
difpofed  of  in  two  ways.  One  part  raifes  the  tem- 
perature of  the  fluid  water,  and  the  other  part  is  em- 
ployed in  fupplying  the  elaflic  vapour  that  flies  off  with 
the  heat  which  its  increafed  capacity  requires  at  that 
temperature.  The  greater  the  quantity  of  fleam  is 
produced,  the  larger  will  be  the  proportion  of  the  heat 
employed  in  this  lafl  way.  Now,  there  is  a difficulty 
attends  the  formation  of  elaflic  vapour,  in  proportion  as 
its  efcape  is  rendered  more  difficult.  If  the  water  be 
heated  in  a clofe  velfel,  no  fleam  will  be  formed  •,  if 
the  fleam  efcape  by  a fmall  hole,  there  will  be  lefs 
formed  than  if  the  whole  furface  of  the  water  were 
uncovered  5 and  if  the  fuperincumbent  atmofphere  be 
removed,  as  in  the  vacuum  of  an  air-pump,  the  pro- 
duction will  be  greateft  of  all.  As  the  hpat  of  the 

* Crawferd,  p.  45*.  + Ibid,  page  279. 
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water  goes  on  increafing,  the  production  of  fleam  will 
likewife  increafe,  until  the  quantity  is  fo  great  as 
its  augmented  capacity  to  carry  off  the  whole  heat  that 
is  communicated.  At  this  period  the  increafe  of  tem- 
perature will  therefore  ceafe,  and  the  temperature  will 
become  flationary.  This  point  is  called  the  boiling- 
water  point.  It  varies,  however,  a little,  as  the  pref- 
fure  of  the  atmofphere  varies,  being  loweft  when  that  is 
leafl  ; becaufe  the  maximum  of  fleam  is  produced  at 
a lower  temperature  when  the  obflacle  to  its  efcape  is 
lefs.  It  has  been  flated,  and  with  fome  probability, 
that  there  might  be  no  interval  of  fluidity  between  the 
folid  and  vaporous  forms,  if  it  were  not  for  the  preffure 
of  the  atmofphere. 

In  this  manner  it  is  eafy  to  account  for  th?  cold- 
produced  by  evaporation  : for  the  volatile  fubflance, 
when  it  takes  the  vaporous  form,  abforbs  as  much  heat 
from  the  body  from  which  it  evaporated,  as  its  increafed 
capacity  requires.  Every  one  muff  be  acquainted  with 
the  cold  produced  by  wetting  the  hand  with  water  or 
with  fpirits  of  wine  or  brandy.  The  freezing  of  water,  by 
means  of  the  evaporation  of  ether,  is  a very  remarkable 
inflance  of  this.  Water  is  included  in  a thin  glafs  tube, 
and  the  outfide  of  the  tube  is  kept  continually  wetted 
with  ether,  by  means  of  a bottle  with  a capillary  tube  in 
-its  neck,  through  which  the  ether  is  poured.  The  confe- 
quence  of  the  fpeedy  evaporation  of  this  very  volatile 
fluid  is,  that  in  a very  fhort  time  the  included  water  is 
fuddenly  converted  into  ice,  even  before  a fire,  or  in 
the  midfl  of  fummer. 

The  effeCl  of  freezing  mixtures  is  another  evident 
ionfequence  of  this  do&rine.  When  as  much  com- 


mon 


FRIGORIFIC  PROCESS^. 


*9 

rftcn  fait  is  added  to  water  as  it  can  diffolve,  the  brine  heat. 
continues  unfrozen  till  it  is  cooled  as  low  as  6°  below  ' 
o°,  on  Fahrenheit’s  fcale.  Srippofe  pounded  ice,  or 
fnow,  to  be  mixed  with  fait  at  any  temperature  above 
— -6°,  their  union  will  produce  the  brine  here  men- 
tioned i which,  becaufe  the  heat  is  above  its  freezing 
point,  will  become  fluid,  though  the  ice  arid  fait  were 
folid  before.  This  fluidity  will  be  attended  with  an 
iilcreafe  of  capacity,  and  therefore  the  brine  will  be 
much  colder  than  the  fnow  and  fait  were.  If  the  quan* 
tity  of  fnow  and  fait  be  confiderable,  and  there  be  no 
bodies  at  hand  which  can  readily  fupply  heat,  the  brine 
firlt  produced  will  cool  the  fnow  and  fait  in  its  vicinity  ; 
and  this,  when  lequefied,  will  cool  the  reft  of  the  fnow 
and  fait  ftill  more  effectually.  When  the  temperature 
of  the  whole  is  as  low  as-— 6°,  or  the  freezing  point  of 
the  brine,  the  liquefaction  and  cooling  will  ftop,  or  it 
Will  proceed  more  flowly  or  falter,  in  proportion  as  the 
requifite  heat  is  fupplied.  It  may  ealily  be  imagined 
that,  if  a mixture  of  this  kind  be  placed  in  a veffel,  and 
a fmaller  veffel,  containing  water,  be  plunged  in  it, 
the  cooling  procefs  will  freeze  the  water.  It  is  like- 
wife  evident  that  fuch  mixtures  will  defcend  to  a fixed  mixtures, 
temperature.,  which  is  that  of  their  own  freezing  point#. 

So  likewife  the  freezing  proceffes  by  the  folutionsf  ceffe»'bydi°" 
of  falts  in  water  or  acids,  though  they  have  not  yet  been  living  falts  in 
fo  minutely  examined,  may  be  explained  from  the  dif- 
ference of  capacity  produced  in  the  liquefaCIion  of 
folid  falts,  or  the  water  contained  in  them.  One  of 

* Crawford,  p.  474. 

t Walker,  in  Fhilef.  Tranf.  Vol,  I.XXVII.  and  LXXVIll. 
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heat.  thefe  may  be  Here  mentioned,  not  as  the  molt  power- 

V v J ful,  but  becaufe  the  materials  are  cheap,  and  well 

Mixture  of  falts  known.  It  confifts  of  equal  parts  of  fal-ammoniac 
forfrecezing  wa-  ■ , _ , , Tr  r r 

ter.  and  faltpetre,  finely  powdered.  If  iour  ounces  of  water 

be  poured  on  three  ounces  of  this  mixture,  the  folu- 

tion  will  fink  the  thermometer  3 6 'degrees  ; and  as  it 

is  eafy  to  have  pump-water  as  cool  as  50®  in  the  rnidft 

of  fummer,  this  addition  will  cool  it  to  14®,  which  is 

therefore  fufficient  to  freeze  water  in  a phial  plunged 

in  it. 

General  view  of  Without  entering  more  largely  into  examples  of  the 
*he  agency  of  confequences  of  the  change  of  capacity  in  bodies  which 
are  changed  in  their  form,  or  Hate  of  chemical  combi- 
nation, it  may  be  obferved,  in  general,  that  as  the 
powers  of  gravity  and  projedtion,  in  continual  oppofi- 
tion  to  each  other,  produce  all  the  beautiful  effedts  ill 
the  great  fyftem  of  the  univerfe  to  which  they  are  ef- 
fential  y fo,  among  the  adtions  of  the  minute  parts  of 
bodies,  the  cohefive  attradtion,  and  the  energy  of  heat, 
are  in  continual  oppofition  to  each  other,  and  are  con-- 
cerned  in  every  procefs  by  which  changes  are  pro- 
duced in  the  peculiar  properties  of  bodies  : and  for 
whatever  more  immediate  purpofes  it  may  be  that  the 
Supreme  Intelligence  has  thus  generally  appointed  their 

Advantages  arif-  r 1 1 1 r 

ing  from  the  agency,  we  fee  that  the  changes  of  capacities  arc 
changes  ot  capa-  great}y  conducive  to  the  prefervation  of  a more  equal 
temperature  than  would  otherwife  be  found  in  the 
diftridts  around  us.  The  cold  produced  by  evaporation 
greatly  mitigates,  and  conducts  to  other  parts,  the 
Itrong  heats  of  the  torrid  zone  ; and  the  heat  developed 
on  the  freezing  of  water  prevents  the  cold  from  falling 
fo  far  below  the  freezing  point  as  otherwife  it  might 

do. 
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<lo.  If  the  capacities  of  water  and  ice  were  equal,  the  heat. 

freezing  of  immenfe  bodies  of  water  would  fcarcely  be  

progreftive,  but  would  take  place  the  inftant  the  whole 
was  cooled  to  32°;  and  fo.likewife  the  thawing  of 
valt  trads  of  fnow  and  mountains  of  ice  would  be 
performed  in  the  fhort  time  of  the  tranfmiffion  of  the 
heat  required  to  raife  its  temperature  the  minuteft  por- 
tion of  a degree  above  the  temperature  of  folidity. 

Whether  the  extreme  inconveniences  the  hotter  cli- 
mates would  undergo  from  increafed  heat,  or  the 
colder  from  the  intenfe  freezing  and  hidden  thaws,  be 
among  the  principal  events  in  the  view  of  the  Sove- 
reign Difpofer  of  the  univerfe,  cannot,  from  pur  igno- 
rance cf  final  caufes  on  fo  large  afcale,  be  determined. 

Whether  heat  be  matter  or  motion,  is  a 'queftion 
which,  as  was  before  obferved,  is  not  well  fettled.  It  P*sc  *• 
is  certain  that  the  motion  of  fridion,  or  percuffion, 
either  produces  or  colleds  heat  5 and  if  the  fuppofition 
of  the  mere  vibration  of  parts  could  adequately  account 
foi  the  effects,  it  would  doubtlefs  be  more  fimple  than 
to  cad  in  the  affiftance  of  a material  fubftance  endued 
with  peculiar  properties.  But,  on  the  other  hand,  the 
appearances  are  folved  with  great  cafe  and  fimplicity 
by  the  fuppofition  of  fuch  a fubftance.  On  this  fub-  T,  , ..  r . 
3cct  u may  perhaps  be  fufficient  to  obferve*  that  the  of  heat  admits 
phenomena  of  heat  feem  to  ftand  fingle,  fo  as  not 
eafily  to  admit  of  comparifon  with  any  of  the  other 
appearances  in  nature  j and  confequently  that  all  rea- 
loning  by  analogy  promifes  very  little  elucidation  of  a 
fubjed  which  can  only  be  profecuted  by  experimental 
refearch. 
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heat.  Attempt*  have  been  made  to  determine  whether  the 

Diminution  o{  we*g^lt  bodies  is  affe&ed  by  the  greater  or  lefs  quan- 

capacity  in-  tity  of  heat  they  may  contain.  The  mod  accurate 
creafes  weight.  # . 

experiments  (hew  that  the  fame  water  is  heavier,  by 

a very  minute  quantity,  when  it  is  converted  into 

ice*. 

Dr.  George  Fordycc  made  the  experiment^by  weighing  the 
fame  quantity  of  water  (about  1700  grains),  when  frozen  and 
when  unfrozen,  at  the  temperature  of  320,  in  a room  where  the 
air  was  of  the  fame  temperature.  The  ice  was  near  one-fixteenth 
of  a grain  heavier.  Phil.  Tranf.  Vol.  LXXV. p.  362. — Sir  BenjaT 
min  Thompfon  obtained  the  fame  conclufion,  by  counterpoifing 
water  againft  fpirit  of  wine,  and  expofing  the  apparatus  to  a cold 
atmofphcre  which  froze  the  former,  . 
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* 

THE,  CONSTRUCTION  OF  THE  THERMOMETER. 

IN  die  prefent  cultivated  ftate  of  philofophical  know-  t her  mom  e- 
ledge,  it  can  hardly  be  fuppofed  that  the  reader  ^ T£R'  j 
has  not  feen  a thermometer.  Minute  defcription  is 
therefore  unneceffary.  But  as  the  accurate  conftrudtion  Conftruaionof 
and  fubfequent  improvement  of  this  inllrument  mult  thsrmome’ 
greatly  depend  on  the  knowledge,  which  thofe  who  ufe 
it  may  poffefs,  of  the  method  of  making  it ; and  as  we 
have  no  perfect  account  of  this,  there  can  be  no 
doubt  but  a fhort  relation  of  the  whole  procefs,  from 
experimental  knowledge,  will  be  acceptable. 

The  tubes  may  be  had  at  the  glafs-houfe  * and  the  To  determine 
iirlt  care  of  the  artift  mult  confiit  in  examining  if  their  form  of  Uic  Wre. 
cavities  be  equal  or  cylindrical  throughout.  This  is 
done  by  immerfing  one  end  into  mercury,  and  with- 
drawing it,  after  clofing  the  other  end  with  the  finger. 

By  this  means  a fmall  quantity  of  mercury  will  enter 
the  tube,  which  will  occupy  a longer  fpace  the  deeper 
the  tube  is  immerfed.  Lay  the  tube  horizontally  upon 
a graduated  rule,  and  obferve  the  length  of  the  mercu- 
rial column,  in  different  parts  of  the  tube  to  which  it 
may  be  made  to  run,  by  inclining  it  more  or  lefs,  If  th<& 
length  continues  invariably  the  fame,  it  is  a proof  that 
the  tube  is  uniformly  cylindrical  •,  but,  if  otherwife,  the 
diameter  varies,  and  the  tube  cannot  be  ufed  to  make 
a good  thermometer,  unlefs  the  graduations  in  the  dif<* 
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THERMOME-ferent  parts  of  the  tube  be  lengthened  or  Ihortened,  in 
v } proportion  to  the  meafures  of  the  mercurial  column. 

Direct  the  flame  of  a large  candle,  a watch-maker’s 
lamp,  or,  which  is  cleanliefi  and  belt  of  all,  a lamp 
with  fpirits  of  wine,  upon  one  end  of  the  glafs  tube,  by 
means  of  the  blow-pipe.  The  extremity  will  foon 
become  red  hot,  and  in  a Hate  of  imperfedt  fufion. 
P.emove  the  tube  from  the  flame,  and  blow  into  its 
other  end,  and  the  heated  part  will  be  inflated  fo  as  to 
form  a bulb.  This  lafl  inflation  is  the  moA  difficult 
and  laborious  part  of  the  bufmefs ; but  it  may  be  per- 
formed with  great  eafe  and  advantage,  by  previoufly 
fattening  the  neck  of  one  of  the  fmall  bottles  of  elaftic 
gum,  or  India  rubber,  about  the  end  of  the  tube  ; which, 
when  the  other  end  is  ignited,  may  he  prefled  by  the 
hand,  fo  as  to  blow  the  bulb  very  commodioufly,  and 
without  the  introduction  of  any  moifi  air. 

Immerfe  the  open  end  of  the  thermometer  tube  into 
forne  very  clean  dry  mercury  that  has  been  boiled, 
and  warm  the  bulb  with  a candle  ; part  of  the  air  will 
be  immediately  heard  ruffiing  through  the  mercury ; 
withdraw  the  candle,  and,  as  the  bulb  cools,  the  mercury 
will  rife  in  the  tube.  This  will  be  facilitated  by  hold- 
ing the  tube  as  near  an  horizontal  pofition  as  can  be 
done,  without  raifing  its  lower  end  above  the  furface 
of  the  mercury.  In  this  way  the  bulb  will  be  nearly 
halt  filled.  Without  altering  the  pofition  of  the  ap ; 
paratus,  move  the  whole  fo  that  the  bulb  may  be  held 
over  a candle.  A fmall  candle  newly  fnufFed  is  beA* 
becaufe  of  the  Aeadinefs  of  its  flame  ; and  it  will  be 
neceflary  to  wrap  a piece  of  paper  round  the  tube,  to 
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defend  the  finger  and  thumb  from  its  heat.  The  mer-  thermome- 

cury  will  foon  boil,  and  mod  of  the  remaining  air  will  t ’ , 

be  heard  efcaping  from  the  bulb.  As  foon  as  this 

efcape  has  ceafed,  remove  the  bulb  from  the  candle, 

and  it  will  be  fuddenly  filled  with  mercury  from  the 

veflel. 

Take  the  thermometer  thus  filled  out  of  the  mer-  Boiling  the  mer- 
cury, and  wrap  round  its  open  end  a piece  of  thin  pa-  cur}  m the  tubC’ 
per,  in  fuch  a manner  as  to  leave  a cavity  beyond  the 
tube,  at  lead  fufficient  to  hold  as  much  mercury  as 
the  bulb  contains  ; fecure  this  by  wrapping  it  tight 
with  packthread  about  the  lube  ; then  put  a drop  of 
mercury  into  the  paper  cavity,  and  apply  the  bulb 
again  over  the  fnuffed  candle,  holding  the  tube  up- 
right between  the  finger  and  thumb,  or  a pair  of  fmall 
pincers,  at  the  part  wrapped  with  paper  and  pack- 
thread : the  mercury  will  foon  boil,  and  about  half 
the  contents  of  the  bulb  will  ruffi  violently  up  the 
tube  into  the  paper.  Remove  the  bulb  from  the  can- 
dle, and  the  mercury  will  fuddenly  return  : then  boil 
it  again;  and  repeat  the  operation  till  the  fpeedy  boil- 
ing of  the  mercury,  when  placed  over  the  candle,  and 
the  diminiffied  noife  and  agitation,  drew  that  the  whole 
has  been  well  heated,  'and  deprived  of  the  air  or  moif- 
ture  which  might  have  adhered  to  it. 

The  operation  of  boiling  will  fail,  if  the  mercury,  Cautio*. 
or  the  infide  of  the  bulb,  be  rnoilt ; for  in  this  cafe 
the  bulb  is  ufually  burft  by  the  mercurial  vapour  ; the 
explofion  however  is  not  dangerous  : it  is  very  likely 
to  happen  with  bulbs  blowm  by  the  mouth,  unlefs  they 
be  kept  fome  weeks  in  a dry  place,  before  they  are 
filled.  The  fame  danger  makes  it  prudent  not  to  boil 
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thermome-  the  mercury  ftrongly  the  firft  or  fecond  time  j 
t T^R*  j and  h is  likewife  of  Importance  to  keep  the 
bulb  clear  of  the  flame,  as  the  contact  of  this  laft 
againfl  the  empty  part  of  the  bulb  would  melt  it,  and 
n hole  would  be  immediately  made  by  the  excluded 
vapour. 

Trial  of  the  pro-  After  the  boiling  is  completed,  plunge  the  bulb  int® 
the  cold  water,  whofe  temperature  is  known.  Melting 
ice  or  fnow  (or  fnow  and  water)  always  has  the  tem- 
perature of  320  of  Fahrenheit’s  feale.  Then  take  off 
the  paper,  and  put  the  bulb  into  the  hand,  and  after 
wards  into  the  mouth*,  this  heating  will  caufe  fome  of 
the  mercury  to  drop  out  of  the  tube.  Cool  it  again 
to  3 2°,  by  immerfmg  it  in  the  cold  water,  and  mark 
where  the  mercury  Hands.  The  diftance  between 
this  ftation  and  the  top  of  the  tube  meafures  the  inter- 
val between  freezing  and  blood  heat,  or  32  and  95, 
which  makes  63  degrees ; and  will  confequently  (hew 
whether  the  degrees  will  be  large  or  fmall,  and  what 
extent  the  feale  is  capable  of ; that  is  to  fay,  it  will 
fhew  whether  the  bulb  is  of  the  proper  fize.  This 
laft,  fuppofing  the  judgment  of  the  operator  not 
fufficient  to  proportion  the  bulb  nearly  to  the  tube, 
and  the  Intended  feale,  might  however  have  been  more 
conveniently  afeertained  after  the  firft  filling,  before 
the  boiling  had  been  undertaken. 

When  the  number  of  degrees  to  which  the  length 
of  the  tube  will  extend  is  thus  known,  the  operator 
mult  fettle  whereabouts  he  will  have  the  freezing 
point,  which  may  be  nearer  or  farther  from  the  bulb, 
accordingly  as  he  intends  the  inftrument  to  be  ufed, 
more  particularly  to  afeertain  great  degrees  of  heat, 
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or  of  cold.  At  this  ftage  of  the  bufinefs,  likewife,  he  thermomi- 
may  heat  the  upper  part  of  the  tube  with  the  blow- 


fealing.  The  bulb  muft  then  be  heated  in  the  candle, 
till  a few  particles  of  mercury  have  fallen  off  the  top 
of  the  tube  ; and  notice  muft  then  be  taken  how  much 
nearer  the  freezing  point  is  to  the  bulb  than  before, 
which  may  be  done  by  immerfing  it  in  the  melting 
fnow,  as  before.  If  it  be  not  as  low  as  delired,  the 
heating  muft  be  repeated,  carefully  obferving  not  to 
throw  out  too  much  mercury  at  a time.  When  the 
due  quantity  of  mercury  is  thus  adjufted,  two  candles 
muft  be  prepared,  the  one  to  heat  the  bulb,  and  the 
other  to  clofe  the  tube.  The  blow-pipe  being  in  rea- 
dinefs,  the  upper  part  of  the  tube  near  the  flame  of 
one  candle,  and  the  bulb  near  the  flame  of  the  other, 
the  mercury  will  rife,  and  at  laft  begin  to  form  a glo- 
bule at  the  point  of  the  capillary  tube.  At  this  in- 
ftant  the  bulb  muft  be  withdrawn  from  the  lower 
candle,  at  the  fame  time  that  the  flame  of  the  upper 
is  diredfted  by  the  blow-pipe  upon  the  point  of  the  tube. 

This  laft  will  be  immediately  ignited,  and  will  clofe  by 
the  melting  of  its  parts,  before  the  mercury  has  per- 
ceptibly fubfided.  When  the  mercury  has  fallen,  this 
clofure  may  be  rendered  more  fecure  from  accidental 
breaking,  by  fufing  the  whole  point  of  the  tube,  till  it 
becomes  round.  v 

If  this  bufinefs  be  properly  done,  the  mercury  in  p 0of  of  inter- 
file inftrument  thus  filled  will  run  backwards  and  nal  vacu“m' 
forwards  in  the  tube,  immediately  upon  inverting  its 
foliation. 


pipe,  and  draw  it  out  to  a fine  ca 
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In  the  original  graduation  of  thermometers,  tw& 
fixed  points  of  temperature  are  neceflary.  Thefe  are 
the  freezing  point  of  water,  or  temperature  of  ice  or 
fnow,  at  the  inftant  of  formation,  or  rather  when  it  is 
juft  beginning  to  liquefy  *,  and  the  boiling  point  of 
water,  or  temperature  at  which,  under  a known  preflure, 
it  is  plentifully  converted  into  fleam.  For  the  fettling  the 
freezing  point,  nothing  more  is  neceflary  than  to  im- 
merfe  the  thermometer  fo  deep  in  melting  fnow  or  ice, 
as  that  the  mercury  may  be  barely  vifible  above  its  fur- 
face,  and  carefully  mark  the  place  at  which  it  Hands. 
The  boiling  point  is  not  quite  fo  eafily  afeertained  ; 
crude,  hard,  or  faline  waters  acquire  a greater  heat  in 
boiling  than  fuch  as  are  purer  j and  the  fame  water  will 
acquire  a greater  heat  under  a greater  preflure.  For 
this  lafl  reafon,  the  boiling  point  fhould  be  fixed  ac-< 
cording  to  the  decifion  of  the  committee  of  the  Royal 
Society  ; namely,  when  the  barometer  Hands  at  29.8 
inches.  The  belt  method  is  to  provide  a veflel  fomewhat 
longer  than  the  thermometer,  with  a cover,  and  two 
holes  in  it  •,  one  about  an  inch  in  diameter,  for  the  Heam 
to  efcape  ; and  the  other  fmaller,  for  the  thermometer 
tube  to  be  faHened  in  it.  When  this  is  ufed,  the 
thermometer  muH  be  faHened  in  the  cover,  fo  that 
the  eflimafced  place  of  the  boiling  point  may  be 
juH  above  the  hole.  Water  muH  be  put  in  the 
veflel,  not  fufficient  to  touch  the  bulb  of  the  ther- 
mometer, when  the  cover  fhall  be  put  on.  The  veflel 
muH  then  be  covered,  a thin  plate  of  metal  laid  on 
the  Heam  hole,  and  the  water  made  to  boil  by  heat  ap- 
plied to  the  bottom  only.  The  thermometer  will  be 
then  furrounded  with  Heam,  which  will  raife  its  tem- 
perature 
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pevature  to  the  boiling  point;  and  this  point  muft  be  thermome- 
carefully  marked  on  the  tube.-  The  following  method 
may  be  more  convenient  to  thofe  who  are  not  provid- 
ed with  fuch  a veflel : — Wrap  feveral  folds  of  linen  rags 
or  flannel  round  the  tube,  nearly  as  high  as  the  fup- 
pofed  boiling  point  hold  the  ball  of  the  thermometer 
in  the  afcending  current  of  boiling  rain-water,  about 
two  or  three  inches  below  the  furface  ; pour  boiling 
water  on  the  rags  three  or  four  times,  waiting  a few 
feconds  between  each  time  ; and  wait  fome  feconds 
after  the  lad  time  of  pouring  on  water,  in  order  that 
the  water  may  recover  its  full  drength  of  boiling, 
which  is  confiderably  checked  by  the  pouring  on  the 
rags.  The  place  where  the  mercury  ftands  is  the 
boiling-water  point. 

Notwithdanding  the  accurate  adjuftment  of  the  fixed  Adjuftment  for 
points  of  a thermometer,  yet  if  the  tube  be  not  truly  ^°rs  ol  tllc 
cylindrical,  or  if  the  divifions  be  not  adjufted  to  the 
inequalities  of  its  diameter,  the  errors  at  the  middle, 
between  the  two  fixed  points,  may  amount  to  more 
than  a whole  degree.  A fmall  error  in  the  if  anding  of 
thermometers  may  be  occafioned  by  the  varying  pref- 
fure  of  the  atmofphere,  which  alters  the  capacity  of 
the  glafs  *,  but  it  never  amounts  to  fo  much  as  the 
tenth  part  of  a degree.  Spherical  bulbs  are  lead  fut- 
jedf  to  this. 

Thermometers  which,  from  the  great  length  of  their  Standard  dicr- 
degrees,  or  for  any  other  reafon,  are  made  to  take  in  mometCT* 
but  a fmall  part  of  the  interval  between  the  two  fixed 
points,  are  ufually  graduated  by  comparifon  with  a 
ftandard  thermometer. 

Th« 
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CONSTRUCTION  OF  THE 

The  very  careful  boiling  of  the  mercury,  as  above- 
deferibed,  is  abfolutely  necefTary  for  fuch  thermofneters 
as  are  to  be  fealed  when  full : for  if  there  were  any  air  or 
moifture  left  in  the  bulb,  it  would  prevent  the  mercury 
in  the  tube  from  defeending  into  the  bulb,  fo  that  the 
tube  would  continue  always  full.  Thefe  thermometers 
are  undoubtedly  the  belt ; but  the  vacuum  above  the 
mercury  does  not  feem  to  be  an  indifpenfable  requifite. 
If  a clean  dry  tube  be  filled  with  pure  boiled  mercury, 
and  a fmall  bulb  be  left  at  the  top  of  the  tube,  to  con- 
tain common  air,  in  order  that  its  expanfion  or  con- 
denfation,  produced  by  the  change  in  the  mercurial  fur- 
face,  may  be  inconfulerable  ; there  will  be  few  prac- 
tical objections  againfl  fuch  a thermometer ; more 
efpecially  if  it  be  a fecondary  inltruiuent,  graduated 
by  means  of  a ftaudard.  There  are  fome  thermome- 
ters made  with  tubes  fo  very  fmall,  and  bulbs  fo  large 
in  proportion  to  them,  that  they  will  not  admit  of 
boiling  the  mercury  in  them,  but  are  filled  with  boiled 
mercury  by  means  of  a condenfer.  Thefe  are  necefla- 
rily  of  the  kind  here  mentioned. 

The  thermometers  molt  in  ufe  at  prefent  are  Fah- 
renheit's, Reaumur’s,  and  Cellius’s.  In  Fahrenheit’s 
fcale  the  number  of  degrees  between  the  freezing  and 
boiling  water  point  is  x8o*,  the  freezing  point  being 
at  3 2°,  and  the  boiling  point  at  212°,  both  above  o°, 
or  the  part  from  which  the  degrees  are  reckoned 
both  ways.  In  Reaumur’s  fcale  the  number  of  de- 
grees between  thefe  two  points  is  8o,  and  the  freezing 
point  is  called  o°,  from  which  the  degrees  are  rec- 
koned both  ways.  In  Celfiu&’s  thermometer,  the  in- 
terval 
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terval  is  divided  into  100°,  and  the  freezing  point  Is  theimome- 
called  o°,  as  in  Reaumur’s.  To  reduce  thefe  fcales  t TH^S*  ^ 
to  each  other,  it  muft  be  obferved,  that  one  degree  of  Reduction  of 
Fahrenheit’s  is  equal  to  | of  a degree  of  Reaumur,  mometcrsoV vi- 
and to  of  a degree  of  Celfius.  Therefore,  if  the  riOU*  Uale5' 
number  of  degrees  of  Fahrenheit,  reckoned  above  or 
below  the  freezing  point,  be  multiplied  by  4,  and  di- 
vided by  9,  the  quotient  will  be  the  correfponding 
number  on  Reaumur’s  fcale.  Or  if  the  multiplier 
5,  and  the  divifor  9,  he  ufed,  the  quotient  will  give  the 
degrees  of  Celfius’s  fcale.  And,  contrariwife,  if  any 
number  of  degrees,  either  of  Reaumur  or  Celfius,  be 
multiplied  by  9,  and  divided  by  4 if  of  Reaumur,  or 
by  5 if  of  Celfius,  the  quotient  will  give  the  degrees 
of  Fahrenheit,  reckoned  either  above  or  below  the 
freezing  point,  as  the  cafe  may  be. 
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QN  COMBUSTION,  AND  THE  APPLICATION  OP  HEAT 
TO  CHEMICAL  PURPOSES. 


APPLICAT. 
OF  HEAT. 


Fridtion.  ; ham- 
mering ; flint 
and.  iteel. 


Solar  focus. 


CWemical  mix- 
tures. 


Cemkuftion. 


THE  methods  of  producing  an  increafe  of  tem- 
perature are  various.  The  friction  of  two  pieces 
of  wood,  in  a turner’s  lathe,  produces  heat  and  flame  i 
a nail  may  be  made  red-hot  by  hammering  it : and 
when  flint  and  Heel  are  ftruck  together,  fmall  particles 
of  the  Heel  are  feparated,  which  are  in  a ftrong  (late  of 
deflagration,  and,  upon  examination  with  the  micro- 
fcope,  are  found  to  have  been  fufed  into  hollow  greyilh 
balls.  The  fun’s  light,  concentrated  by  a convex  lens, 
or  concave  mirror,  is  likewdfe  found  to  produce  the 
moll  aftonilhing  effects,  by  raifing  the  temperature  of 
bodies.  And,  among  chemical  mixtures,  there  are 
many  by  which  ignition  and  flame  are  produced. 
In  thefe,  and  in  all  inftances  where  the  temperature  is 
raifed,  a diminution  of  the  capacities  of  the  bodies  ap- 
pears to  be  the  effective  caufe. 

Moft  operations  that  require  an  increafe  of  tempe- 
rature, are  performed  by  the  communication  of  heat 
from  bodies  in  combuftion.  The  general  fadts  re- 
fpe&ing  this  wonderful  proCefs,  are  the  following : — 
There  are  certain  bodies  which,  when  ignited  or 
heated  fo  as  to  become  luminous,  will  foon  ceafe  to 
be  fo,  by  the  lofs  of  that  heat  which  they  communi- 
cate to  the  bodies  around  them  : but  there  are  others 
, ' which. 
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which,  if  ignited  in  contaCt  with  the  air  of  the  atmo- 
fphere,  will  not  lofe  their  ignition;  but  continue  to  give 
out  heat,  till  their  volatile  parts  are  diffipated,  and  the  Combuftion. 
properties  of  the  remainder  entirely  changed.  Thefe 
laft  are  called  eombuftible  bodies;  It  is  found  by  ex- 
periment that  the  capacities  or  quantities  of  heat,  in 
eombuftible  bodies,  are  not  conliderable;  that  the 
quantity,  of  heat  in  atmofpheric  air,  in  the  eiaftic  ftate, 

Is  exceedingly  great;  and  that  part  of  this  air  is  ab- 
forbed  by  bodies  in  combuftion.  If,,  therefore,  thd 
temperature  of  a eombuftible  body  be  by  any  means 
fo  railed,  as  that  the  chemical  procefs,  by  which  air 
becomes  condenfed  and  combined  with  it,  may  go  on, 
the  temperature  of  the  air  will  be  raifed,  as  its  capa- 
city is  diminifhed,  in  palling  from  the  eiaftic  to  the 
folid  ftate ; and  it  will  therefore  give  out  its  heat  to  the 
eombuftible  body,  which,  inftead  of  becoming  colder, 
muft  increafe  in  temperature,  in  proportion  to  the 
quantity  of  air  condenfed  in  the  fame  time,  excepting 
fo  far  as  this  effect  is  diminifhed  by  the  conducting 
power  of  the  furrounding  bodies. 

The  proceffes  which  are  performed  by  the  fimple  Proceflss. 
application  of  heat,  are  as  follow  : 


Roafting. — This  confifts  in  expoling  mineral  bodies  Roafting. 
to  the  heat  of  an  open  lire,  for  the  purpefe  of  diffipat- 
ing  their  volatile  contents* 

Calcination  is  performed  by  expoling  bodies,  in  an  Calcination, 
open  veffel,  to  a ftrong  heat,  till  no  farther  change  can 
be  produced  in  them.  The  body  which  remains,  and 
withftands  the  lire,  is  called  a calx.  Both  thefe  terms 
are  more  particularly  applied  to  metals.  Such  bodies 
as  are  very  little  changed  by  heat,  are  called  refraCtory. 

D ' Fufioiv 
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Rectification. 


Fufion  confifts  in  heating  bodies,  in  proper  veflels, 
till  they  become  fluid.  It  is  chiefly  ufed  for  the  pur- 
pofe  of  uniting  fmaller  bodies  into  one  large  mafs,  and 
calling  them  into  moulds  of  any  deflred  figure.  I he. 
facility  with  which  metals  may  be  united  in  this  way, 
after  they  have  been  divided,  is  probably  the  circum- 
hance  that  induced  mankind  to  ufe  them  as  the  me- 
diums of  exchange,  or  ligns  of  value  of  all  other 
commodities. 

Digellion  conflfts  in  keeping  bodies  for  a confldera- 
ble  time  immerfed  in  a fluid  at  a higher  temperature 
than  that  of  the  atmofphere,  in  order  that  combinations 
may  take  place  that  could  not  elfe  have  been  effedled. 

Cementation  is  a procefs  wherein  folid  bodies,  one 
or  more  of  them  being  pulverized,  are  expofed  to  heat 
in  proper  veflels,  with  the  intention  that  the  more 
volatile  parts  of  the  one  body  may  unite  with  the 
other,  or  with  its  fixed  parts. 

Evaporation  confills  in  the  diflipating  of  fluids  by 
heat. 

Concentration  confills  in  increafing  the  proportion 
of  faline  matter  in  any  watery  fluid,  either  by  evapo- 
rating part  of  the  water,  or  by  caufing  it  to  freeze, 
and  taking  away  the  ice. 

When  evaporation  is  performed  in  veflels  either 
perfedlly  or  nearly  clofed,  fo  that  the  volatile  parts, 
which  are  raifed  in  one  part  of  the  apparatus,  may  be 
received  and  condenfed  in  the  other  part,  the  procefs 
is  called  dillillation. 

Re&ification  is  a fubfequent  dillillation  of  the  pro- 
duct which  comes  over. 

In  the  djftillation  of  fuch  bodies  as  are  folid  in 
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the  ufual  temperature  of  the  atmofphere,  the  vapours  applicat. 
are  fcarcely  condenfed  before  they  become  folid.  In  ^OF  ^~AT^ 
this  cafe  the  procefs  Is  called  fublimation  *,  and  the 
condenfed  vapours,  which  ufually  have  a powdery 
form,  are  called  flowers.  Such  are  the  flowers  of  Flowers, 
brimftone,  of  benjamin,  of  zinc,  &c.  Solid  products.  Sublimates, 
obtained  in  this  way,  are  called  fublimates. 

Some  of  thefe  operations  may  be  performed  by  a Common  firej 
common  culinary  fire  ; and  indeed  moft  of  them  may 
When  the  quantities  of  matter  ate  fmall,  which  is  ufu- 
ally the  cafe  in  philofophical  experiments.  In  the  arts, 
where  every  procefs  requires  to  be  repeatedly  carried 
on  in  the  large  way,  a variety  of  furnaces  have  been 
contrived,  to  fuit  the  various  intentions  of  the  opera- 
tors. But  experimental  inquiries  demand  the  occa- 
honal  exertion  of  every  branch  of  chemical  operation  } 
for  which  reafon,  the  furnaces  and  apparatus  ought  to 
be  conftru£ted  on  as  general  principles  as  poflible* 

The  veffels  ufed  in  chemiftry  are — Fig.  i.  Crucibles,  Crucible.  Sc t 
or  pots,  made  either  of  earth,  black  lead,  forged  iron,  the  rl<“"' 
or  platina.  They  are  ufed  for  roafiing,  calcination, 
and  fufion.  * 

Fig.  2.  Cucurbits,  mattraffes,  or  bodies,  which  are  Cucurbits,  or 
glafs,  earthen,  or  metallic  veffels,  ufually  of  the  fhape  miUtrjh'-j- 
of  an  egg,  and  open  at  top.  They  ferve  the  purpofes 
of  digeftion,  evaporation,  See. 

Fig.  3.  Retorts  are  globular  veffels  of  earthen  ware.  Retorts 
glafs,  or  metal,  with  a neck  bended  on  one  f;de.  Some 
retorts  have  another  neck  or  opening  at  their  upper 
part,  through  which  they  may  be  charged,  and  the 
opening  may  be  afterwards  clofed  with  a Hopper. 

Mhefe  arc  called  tubulated  retorts. 
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Receivers. 


Alembic  — of 

fctafs  5 


— «f  metal. 


Still;  for  ardent 
fpiri:. 


Fig.  4.  Receivers  are  veffels,  ufually  of  glafs,  of  3 
fpherical  form,  with  a*ftraight  neck,  into  which  the  neck 
of  the  retort  is  ufually  infertecl.  When  any  proper 
fubftance  is  put  into  a retort,  and  heated,  its  volatile 
parts  pafs  over  into  the  receiver,  where  they  are  con- 
den  fed. 

Fig.  The  alembic  is-  ufed  for  diftillation  when  the 
products  are  too  volatile  to  admit  of  the  ufe  of  the  laft- 
mentioned  apparatus,  The  alembic  confifts  of  abody  a, 
to  which  is  adapted  a head  b.  The  head  is  of  a co- 
nical figure,  and  has  its  external  circumference  or 
bafe  deprdfed  lower  than  its  neck ; fo  that  the  vapours 
which  rife,  and  are  condenfed  againft  its  tides,  run 
down  into  the  circular  channel  formed  by  its  depreffed 
part,  from  whence  they  are  conveyed  by  the  nofe  or 
beak  c,  into  the  receiver  d.  This  inftrument  is  lefs 
fimple  than  the  retort,  which  certainly  may  be  ufed 
for  the  moil  volatile  products,  if  care  be  taken  to  ap- 
ply a gentle  heat  on  fuch  occafions.  But  the  alembic 
has  its  conveniences.  In  particular,  the  rehdues  of 
diltillations  may  be  eafily  cleared  out  of  the  body  a ; 
and,  in  experiments  of  fublimation,  the  head  is  very 
convenient  to  receive  the  dry  produdts,  while  the  more 
volatile  and  elaflic  parts  pafs  over  into  the  receiver. 

Fig.  6,  Is  the  drawing  of  an  alembic  commonly 
made  in  metal.  The  head  is  contained  in  a vefiel  of 
cold  water,  to  accelerate  the  condenfation ; a method 
which  is  not  fo  rational  as  that  of  cooling  the  receiver, 
becaufe  the  coldnefs  of  the  head,  in  the  former  cafe, 
caufes  much  of  the  vapour  to  fall  again  into  the  body. 

Fig.  7,  Reprefents  the  large  {tills  ufed  in  the  diflil- 
Iatiou  of  ardent  fpirits.  Inftead  of  ufing  a refrigeratory 

or 


0 


FURNACES. 


37 


dr  receiver,  the  fpirit  is  made  to  pafs  through  a fpiral  applicat. 
pipe,  called  the  worm,  which  is  immerfed  in  a tub  of  J 1 
cold  water.  During  its  paflage  it  is  condenfed,  and 
oomes  out  at  the  lower  extremity,  e,  of  the  pipe,  in  a 
fluid  form. 

The  heft  conftruclion  of  a furnace  has  not  been  well  Furnaces, 
afeertained  from  experience.  There  are  fadfs  which  fhew 
that  a lire  made  on  a grate  near  the  bottom  of  a chim- 
ney, of  equal  width  throughout,  and  open  both  above  and 
below,  will  produce  a more  intenfe  heat  than  any  other 
furnace.  What  may  be  the  limits  for  the  height  of 
the  chimney,  is  not  afeertained  from  any  precife  trials ; 
but  thirty  times  its  diameter  would  not  probably  be  too 
high.  It  feems  to  be  a difadvantage  to  contract  the 
diameter  of  a chimney,  fo  as  to  make  it  fmaller  than 
that  of  the  fire-place,  when  no  other  air  is  to  go  up 
the  chimney  than  what  has  palled  through  the  fire ; 
and  there  is  no  profpedt  of  advantage  to  be  derived 
from  widening  it. 

Fig.  8,  Exhibits  the  common  fmall  furnace  for 
melting,  a is  the  alh-hole,  where  the  air  enters,  c is 
tire  fire-place,  containing  a covered  crucible  Handing 
on  a fupport  of  baked  earth,  which  reds  on  the  grate. 
d is  the  paflage  into  e the  chimney.  At  d is  a (hallow 
crucible  called  a cupel,  placed  in  the  current  of  the 
flame*,  and  at  f is  an  earthen  or  (tone  cover,  to  be  occa- 
fionally  taken  off”,  for  the  purpofe  of  fupplying  the  fire 
with  fuel.  v 

Fig.  9,  Is  the  reverberatory  furnace,  a is  the  fire-  Reverberatory 
place,  b the  dome  and  chimney,  which  is  moveable.  fuinacc‘ 

It  ferves  to  refledl  the  flames,  and  caufca  them  to  fur- 
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applicat.  round  the  veflel  c,  which  is  by  that  means  more 
t°F  t^EA'1*i  drorigly  heated  than  otherwise. 

Fuel.  Charcoal  is  the  material  mod  commonly  ufed  in 

furnaces.  It  produces  an  intenfe  heat,  without  fmoke; 
but  it  is  confumed  very  fad.  Coke,  or  charred  pit- 
coal,  produces  a very  drong  and  lading  heat.  Nei- 
ther of  thefe  produce  a drong  heat  at  a didance  from 
the  fire.  Where  the  action  of  flarne  is  required,  wood 
or  coal  mud  be  burned.  Several  inconveniencies  at- 
tend the  ufe  of  coal,  as  its  fuliginous  fumes,  and  its 
aptitude  to  dop  the  paflage  of  air,  by  becoming  fufed. 
It  is  ufed  however  in  the  reverberatory  furnaces  of 
glafs-houfes  ; and  is  the  bed  material  where  vefiels  are 
to  be  fupplied  with  a great  quantity  of  heat  at  no  great 
intenfity,  fuch  as  in  didilleries,  & c. 

Chemical  bath.  In  many  operations  where  a moderate  and  regular  _ 
heat  is  required,  it  is  advantageous  to  ufe  a bath,  or  to 
coat  the  veflel  intended  to  be  heated.  A chemical 
bath  is  ufually  made  by  putting  a quantity  of  water,  fand, 
or  other  fluid  or  pulverulent  fubdance,  into  a metallic 
veflel  or  pot,  and  immerfing  the  diddling  veflel  in  it. 
When  the  water  or  fand  is  once  heated,  it  prevents  the 
fudden  changes  in  the  intenfity  of  the  fire  from  aftedl- 
ing  the  veflel  that  contains  the  matter  under  examina- 
tion. Chemical  baths  are  made  with  water,  fand, 
iron  filings,  mercury,  and  with  the  fufible  compofition 
of  eight  parts  bifmuth,  five  lead,  and  three  tin,  which 
becomes  fluid  with  a lefs  heat  than  that  of  boiling 
water. 

Coating,  Coating  is  chiefly  intended  to  prevent  glafs  veflels 

from  cracking  by  the  fudden  variations  of  heat ; and 
fejrves  like  wife  to  render  them  capable  of  preferring 
' their 
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their  figure  in  higher  degrees  of  heat  than  they  could  applicat. 
fuftain  without  it.  The  materials  are  clay  and  fine  V°F  '^EAT~J 
land,  well  worked  together  into  a pafte,  and  with  the 
addition  of  fome  hair,  fuch  as  the  bricklayers  life. 

This  is  laid  upon  the  veflel  in  fucceffive  thin  coatings. 

The  joints  or  clofures  of  veflels  are  made  tight  by  Lutes, 
compofitions  called  lutes.  The  clay  and  fand  ufed  for 
coating,  make  a very  good  lute.  In  the  diftillation 
of  fubflances  which  are  not  corrofive,  it  is  found  con- 
venient to  clofe  the  junctures  with  paper,  or  linen, 
parted  on.  Wet  rtrips  of  bladder  may  alfo  be  ufed  in 
thefe  cafes.  Slacked  lime  and  the  whites  of  eggs  form 
a good  lute,  which  fpeedily  dries  and  becomes  firm  ; but 
the  compofition  called  fat  lute  is  ufed  when  the  vapours 
are  of  a corrofive  and  volatile  nature.  This  is  compofed  Fat  lute, 
of  clay,  firft  made  very  dry  and  pulverized,  and  then 
beat  together  into  a pafte  with  linfeed  oil  which  has 
been  boiled  upon  litharge,  and  is  known  in  the  fhops 
by  the  name  of  drying  oil.  Fat  lute  does  not  harden,, 
but  requires  to  b,e  fecured  on  its  place  by  rtrips  of  linen 
dipped  in  the  lute  made  of  lime  and  whites  of  eggs. 

The  flame  of  a lamp  with  many  fmall  wicks  may  Lamp, 
be  ufed  in  diftillations  that  require  a low  heat. 

An  ingenious  ftudent  in  chemiftry,  when  he  has  Facility  of  nwk- 
familiarized  himfelf  with  the  firft  principles,  will  foon  lnSexPcrimenre- 
perceive  that  there  are  few  philofophical  inquiries,  if 
any,  that  require  a large  apparatus  of  furnace,  or  vef- 
fels.  A tobacco-pipe  is  a very  ufeful  crucible,  in  which 
a great  number  of  operations  may  be  performed  in  a 
common  fire,  efpecially  if  urged  with  a pair  of  good 
double  bellows.  An  earthen  pot,  or  iron  ladle,  will 
contain  a fand-bath ; and  apothecaries  phials,  or  Florence 
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■applicat.  flaflcs,  ferve  very  well  for  mattrafles.  Chafing-difhes, 
v ~ ^ , or  fmall  iron  ftoves,  may  be  applied  to  ferve  many  ufeful 

purpofes.  And  the  blow-pipe  and  fpirit-lamp,  with  a 
fet  of  very  fmall  retorts  and  receivers,  may  be  adapted 
to  the  performance  of  almoft  every  part  of  experimen- 
tal chemiftry, 

Moveable  fur-  The  black-lead  pots  are  very  convenient  for  con- 
iiru&ing  a variety  of  moveable  furnaces.  They  may 
be  cut  without  difficulty  by  a faw  whofe  -teeth  are  fet 
wide  ; and  very  eafily  admit  of  being  fcraped,  drilled, 
or  ground  with  fand,  to  give  them  the  requifite  figure. 
In  Dr.  Lewis’s  conftrudlion,  from  whom  the  four  fol- 
lowing figures  are  taken  the  pots  which  are  intended 
to  be  applied  to  each  other,  are  ground  flat  upon  a 
{lone,  with  a little  fand  \ the  holes  are  fawed  with  the 
common  c3mpafs-faw  of  the  carpenters,  and  are  made 
a little  narrower  externally  than  internally ; by  which 
means  it  is  eafy  to  fit  them  with  {toppers  made  out  of 
the  broken  pieces,  that  may  be  bought  where  the  pots 
are  fold.  Three  or  four  hoops  of  copper-wire,  about 
the  thicknefs  of  a crow  quill,  and  firft  foftened  by  heat- 
ing it  red-hot,  are  fattened  round  the  pots  in  the  molt 
convenient  places,  to  render  them  more  durable  by 
keeping  their  parts  together,  after  they  may  have  been 
craked.  A thin  copper  hoop  ferves  to  fecure  the  place 
of  junffion  of  two  pots. 

furnace  for  open  Fig.  io,  Reprefents  a furnace  for  open  fire  formed 

by  one  pot.  The  lower  fquare  aperture  is  the  door  of 
the  affi-pit,  and  the  upper  one  the  door  of  the  fire-place, 
which,  in  the  intentions  this  furnace  is  defigned  for,  is 

* Lewis’s  Philofophical  Commerce  of  Arts. 
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kept  fhut.  The  charcoal  is  put  in  at  the  top,,  and  fup-  applicat. 
plied  with  air  by  one  or  more  of  the  lower  apertures  ; v °F  H^EAT'  M 
and  the  intenfity  of  the  fire  may  in  fome  meafure  be 
regulated  by  more  or  lefs  clofing  of  the  apertures.  If 
an  iron  pot,  a ladle,  or  an  old  frying-pan,  containing 
fand,  be  put  over  this  fire  on  three  iron  fupporters,  fo 
as  to  leaye  room  for  the  efcape  of  the  burned  air  from 
the  fire,  a bath  will  be  formed,  in  which  digeftions,  Bath, 
dillillations,  and  other  chemical  operations,  may  be  per- 
formed. The  round  hole  in  the  bottom  ferves  to  in- 
fert  the  nozzle  of  a pair  of  bellows,  which,  when  the 
other  apertures  are  (lopped,  converts  it  into  a blaft 
furnace. 

Fig.  1 r,  Is  a wind  furnace,  formed  by  two  pots  ap-  Moveable  wiufl 
plied  mouth  to  mouth.  An  iron  chimney  compofed  cf  furnate* 
•pieces,  by  which  its  length  may  be  regulated  fo  as  to 
increafe  the  draft  at  pleafure,  is  put  on  the  top.  The 
crucible  containing  the  fubjecl  matters,  is  placed  upon 
a circular  piece  of  brick  laid  upon  the  grate,  which 
prevents  the  cold  air  from  immediately  driking  the 
crucible,  and  endangering  the  breaking  it.  The  char- 
coal is  put  through  the  fire-place  door,  or  larger  aper^- 
ture  of  the  dome,  or  upper  pot,  which  (hould  always 
be  clofed  immediately  after  each  fupply  of  fuel.  The 
two  oppofite  holes  in  the  upper  part  of  the  dome  af- 
ford the  conveniency  of  palling  an  iron  rod  through, 
for  fafely  and  commodioufly  lifting  it  when  intenfely 
heated. 

Fig.  12,  Is  a furnace  confiding  of  tWO  pots,  fepa*  Reverberatory 

, , • . . . . . furnace. 

rated  by  an  iron  hoop,  in  which  an  opening  or  door 
is  cut.  It  ferves  for  a reverberatory  furnace  for  didd- 
ling with  retorts  of  earthen  ware  or  coated  glafs.  The 

bottom 
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Moveable  blaft 
juniace. 


bottom  of  the  diftilling  velfel  veils  on  two  bars  laid 
acrofs  within  the  lower  pot.  If  the  grate  of  this  fur- 
nace be  occafionally  changed  for  a larger,  which  may 
be  placed  near  the  edge  of  the  lower  pot,  a muffle,  or 
fmall  earthen  oven,  may  be  placed  in  the  midlt  of 
the  fire,  with  its  mouth  oppofite  the  hole  in  the  iron 
hoop.  In  this  may  be  performed  all  procefies  that  re- 
quire the  admlfiion  of  air,  and  frequent  infpeclion,  fuch 
as  allays,  enamelling,  & c. 

Fig.  13,  Is  an  improved  blaft  furnace.  The  pot 
which  contains  the  fuel  for  this  purpofe,  has  a number 
of  holes  bored  at  fmall  diftances,  in  fpiral  lines,  all  over 
it,  from  the  bottom  up  to  fuch  an  height  as  it  is  de- 
figned  the  fuel  fhall  reach.  The  crucible  is  placed 
upon  a proper  fupport  in  the  bottom  ; and  the  holes 
are  made,  not  in  a perpendicular  direction  to  it, 
but  oblique,  that  the  ftreams  of  air  forced  in  through 
them  may  but  juft  touch  it : by  this  means  the  cruci- 
ble is  in  no  danger  of  being  cracked  by  the  blaft,  and 
the  impelled  heat  plays  in  a kind  of  fpiral  upon  its  fur- 
face.  The  lower  pot  receives  this  perforated  pot  to  fuch  a 
depth  that  all  its  holes  hang  in  the  cavity ; which  cavity 
having  no  other  outlet  than  the  aperture  for  the  bellows, 
the  air  blown  in  through  this  aperture  necefiarily  dis- 
tributes itfelf  through  the  perforations  of  the  inner  pot. 
Both  pots  may  be  of  the  largeft  fize,  the  external  nar- 
row part  of  the  inner  falling  into  the  wide  mouth  of 
the  outer.  It  wants  no  addition  to  its  height ; but, 
on  the  contrary,  will  be  more  commodious  in  regard  to 
the  infpedlion  and  taking  out  of  the  crucible,  if  all  the 
part  above  where  the  fuel  reaches  be  fawed  away.  The 
rnoft  convenient  cover  for  it,  is  an  -iron  plate  with  a 

round 


THE  BLOW-PIPE.. 


43 


round  hole  in  the  middle,  and  a handle  projecting  at  applicat. 
one  fide  for  lifting  it.  - (Letter  a.)  v °“  HJAT‘ ,, 

The  force  of  the  lire  being  thus  in  a great  meafure 
concentrated  upon  the  crucible  in  the  middle  of  the 
fuel,  the  crucible  is  heated  expeditioufly,  and  with  a 
little  quantity  of  fuel,  to  a very  intenfe  degree  ; while 
the  exterior  parts  of  the  furnace  are  of  no  great  heat, 
and  permit  the  operator  to  approach  without  incom- 
moding him. 

Every  effeCt  of  the  moil  violent  heat  of  furnaces  may  Blow-pipe, 
be  produced  by  the  flame  of  a candle,  or  lamp,  urged 
upon  a fmall  particle  of  any  fubftance  by  the  blow- 
pipe. This  inftrument  is  fold  by  the  ironmongers  ; and 
conflfts  merely  of  a brafs  pipe,  about  one  eighth  of  an 
inch  diameter  at  one  end,  and  the  other  tapering  to  a 
much  lefs  fize,  with  a very  fmall  perforation  for  the 
wind  to  efcape.  The  fmaller  end  is  bended  on  one 
fide.  Tor  philofophical,  or  other  nice  purpofes,  the  ' 

blow-pipe  is  provided  with  a bowl,  or  enlargment,  b, 

(fig.  14),  in  which  the  vapours  of  the  breath  are  con- 
denfed  and  detained  j and  alfo  with  three  or  four  fmall 
nozzles,  with  different  apertures,  to  be  flipped  on  the 
fmaller  extremity.  Thefe  are  of  ufe  when  larger  or 
fmaller  flames  are  to  be  occafionally  ufed  5 becaufe  a 
larger  flame  requires  a larger  aperture,  in  order  that 
the  air  may  effectually  urge  it  upon  the  matter  under 
examination. 

There  is  an  artifice  in  the  blowing  through  this  pipe,  Artifice  cf  Mow- 
which  is  more  difficult  to  deferibe  than  to  acquire.  The  *‘.’g  through  Ui# 
cffeCt  intended  to  be  produced  is  a continual  flream  of 
air  for  many  minutes,  if  necefl'ary,  without  ceafing. 

This  is  done  by  applying  the  tongue  to  the  roof  of  the 

mouth, 
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Flame  urged  by 
the  blow-pipe. 


The  fubjc&  to 
he  heated. 


mouth,  fo  as  to  interrupt  the  communication  between 
the  mouth  and  the  pafiage  of  the  noftrils  : by  which 
means  the  operator  is  at  liberty  to  breathe  through  the 
noflrils,  at  the  fame  time  that,  by  the  mufcles  of  the  lips, 
he  forces  a continual  ftream  of  air  from  the  anterior 

l v 

part  of  the  mouth  through  the  blow-pipe.  When  the 
mouth  begins  to  be  empty,  it  is  replenifhed  by  the  lungs 
in  an  inftant  •,  while  the  tongue  is  withdrawn  from  the 
roof  of  the  mouth,  and  replaced  again  in  the  fame  man- 
ner as  in  pronouncing  the  monofyllable  tut.  In  this  wray 
the  ftream  may  be  continued  for  a long  time  without 
any  fatigue,  if  the  flame  be  not  urged  too  impetuoufly ; 
and  even  in  this  cafe  no  other  fatigue  is  felt  than  that 
of  the  mufcles  of  the  lips. 

A wax-candle  of  a moderate  fize,  but  thicker  wick 
than  they  are  ufually  made  with,  is  the  molt  conve- 
nient for  occafional  experiments ; but  a tallow-candle 
will  do  very  well.  The  candle  fnould  be  fnufFed  rather 
Ihort,  and  the  wick  turned  on  one  fide  towards  the 
objedf,  fo  that  a part  of  it  fliould  lie  horizontal.  The 
ftream  of  air  mult  be  blown  along  this  horizontal  part 
as  near  as  may  be  without  firiking  the  wuck.  If  the 
flame  be  ragged  and  irregular,  it  is  a proof  that  the 
hole  is  not  round  or  fmooth ; and  if  the  flame  have  a 
cavity  through  it,  the  aperture  of  the  pipe  is  too 
large.  When  the  hole  is  of  a proper  figure,  and  duly 
proportioned,  the  flame  confifts  of  a rieat  luminous  blue 
cone,  furrounded  by  another  flame  of  a more  faint  and 
indiftindt  appearance.  The  ftrongeft  heat  is  at  the 
point  of  the  inner  flame. 

The  body  intended  to  be  adled  on  by  the  blow-pipe, 
ought  not  to  exceed  the  fize  of  a pepper-corn.  It  may  be 

laid 
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laid  upon  a piece  of  clofe-grained  well-burned  charcoaT,  applicat. 
unlefs  It  be  of  fuch  a nature  as  to  fink  into  the  pores  of  voi' 
that  fubftance,  or  to  have  its  properties  affected  by  its 
inflammable  quality.  Such  bodies  may  be  placed  in  a 
fmall  fpoon  made  of  pure  gold,  or  filver,  or  platina. 

Many  great  advantages  mav  be  derived  from  the  ufe  Advantages  of 

^ & r the  blow-pipe : 

of  this  fimple  and  valuable  inftrument.  Its  lmalmeis, 
which  renders  it  fuitable  to  the  pocket,  is  no  inconfide- 
rable  recommendation.  The  moft  expenfive  materials, 
and  the  minuteft  fpecimens  of  bodies,  may  be  ufed  in 
thefe  experiments ; and  the  whole  procefs,  inftead  of 
being  carried  on  in  an  opake  veffel,  is  under  the  eye  of 
the  obferver  from  beginning  to  end.  It  is  true  that  very 
little  can  be  determined  in  this  way  concerning  the 
quantities  of  produces ; but  in  moft  cafes  a knowledge 
of  the  contents  of  any  fubftance  is  a great  aequilition, 
which  is  thus  obtained  in  a very  fhort  time,  and  will  at 
all  events  ferve  to  fhew  the  belt  and  leaft  expenfive  way 
of  conducting  precedes  with  the  fame  matters  in  the 
larger  way. 

The  blow-pipe  * has  defervedly  of  late  years  been  —-its  ufe  renr 
confidered  as  an  eflential  inftrument  in  a chemical  la-  beUotviT  b* 
boratory;  and  feveral  attempts  have  been  made  to  faci- 
litate its  ufe  by  the  addition  of  bellows,  or  fome  other 
equivalent  inftrument.  Thefe  are  doubtlefs  very  con- 
venient, though  they  render  it  lefs  portable  for  mineralo- 
gical  tefearches.  It  will  not  hefe  be  necefl'ary  to  enter 
into  any  defeription  of  a pair  of  double  bellows  fixed 
under  a table,  and  communicating  with  a blow-pipe 

* See  Magellan’s  edition  of  Cretiftcdt’s  Mineralogy,  or  Bcrg- 
mann's  Chemical  Eflays, 
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■which  pafies  through  the  table.  Smaller  bellows,  of  a 
portable  fize  for  the  pocket,  have  been  made  for  the 
fame  purpofe.  The  ingenious  chemift  will  find  no 
great  difficulty  in  adapting  a bladder  to  the  blow-pipey 
which,  under  the  preffiure  of  a board,  may  produce  a 
v conftant  ftream  of  air  j and  may  be  repleniffied,  as  it  be- 

comes empty,  by  blowing  into  it  with  bellows,  or  the 
mouth,  at  another  aperture  furnilhed  with  a valve 
opening  inwards. 

Blow-pipe  with  The  chief  advantage  thefe  contrivances  have  over  the 
air.  common  blow-pipe  is,  that  they  may  be  filled  with 
vital  or  dephlogifticated  air,  which  increafes  the  adti- 
ity  of  combuftion  to  an  aftojiifhing  degree. 
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CHAP.  V. 


CONCERNING  THE  METHODS  OF  MAKING  EXPERI- 
MENTS ON  BODIES  IN  THE  FLUID  AND 
IN  THE  AERIFORM  STATE. 

FROM  the  preceding  chapter,  the  methods  of  con-  processes 
dudhng  procefles,  m which  confiderable  neat  is  heat. 

required,  may  be  eafily  underftood.  Little  nfced  be  faid  v v * 

concerning  the  manner  of  making  experiments  with 
fluid  bodies  in  the  common  temperature  of  the  atmo- 
fphere.  Bafons,  cups,  phials,  m&ttrafies,  and  other  fimilar  Apparatus  for 

v * r . dealt  fluids. 

veffels,  form  the  whole  apparatus  required  for  the  pur- 
pofe  of  containing  the  matters  intended  to  be  put  toge- 
ther*, and  no  other  precaution  or  inftru£lion  is  required, 
than  to  ufe  a veffel  of  fuch  materials  as  {hall  not  be  cor- 
roded or  a£led  upon  by  its  contents,  and  of  fufficient 
capacity  to  admit  of  any  fudden  expanfion,  or  frothing 
of  the  fluid,  if  expected.  This  veffel  mull  be  placed 
in  a current  of  air,  if  noxious  fumes  arife,  in  order 
that  thefe  may  be  blown  from  the  operator. 

The  method  of  making  experiments  with  penna for  elaftu 

nently  elaflic  fluids  or  air,  though  Ample,  is  not  fo 
obvious.  We  live  immerfed  in  an  atmofphere  not 
greatly  differing  in  denfity  from  thefe  fluids  ; which  are 
not, for  thatreafon,  fufEciently  ponderous  to  be  detained 
in  open  veffels  by  their  weight.  Their  remarkable  le- 
vity, however,  aflords  a method  of  confining  them,  by 
means  of  other  denfer  fluids.  Dr.  Prieflley,  whofe  la- 
bours have  fo  far  exceeded  thofe  of  his  predeceffors  and 
cotemporaries,  both  in  extent  and  importance,  that  he 
3 may 
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experiments 
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rocesses  may  with  juftlce  be  ftyled  the  father  of  this  important 
branch  ofnaturalphilofophy,ufesthefollowingapparatuSi 
Fig.  15.  a reprefents  a wooden  veflel,  or  tub;  k,  k,  k, 
is  a ffielf  fixed  in  the  tub.  When  this  apparatus  is 
ufed,  the  tub  is  to  be  filled  with  water  to  fuch  an 
height,  as  to  rife  about  one  inch  above  the  upper 
furface  of  the  ffielf.  b,  g,  F,  are  glafs  jars  inverted 
with  their  mouths  downwards,  which  reft  upon  the 
fhelf.  If  thefe,  or  any  other  vefiels  open  only  at  one  ) 
end,  be  plunged  under  the  water,  and  inverted  after 
they  are  filled,  they  will  remain  full,  notwithftanding 
their  being  raifed  out  of  the  water,  provided  their  mouths 
be  kept  immerfed ; for  in  this  cafe  the  water  is  fuf- 
tained  by  the  preflure  of  the  atmofphere  in  the  fame 
manner  as  the  mercury  in  the  barometer.  It  may 
without  difficulty  be  imagined,  that  if  common  air,  or 
any  other  fluid  refembling  common  air  in  lightnefs 
and  elafticity,  be  fullered  to  enter  thefe  vefiels,  it  will 
rife  to  the  upper  part,  and  the  furface  of  the  water 
will  fubfide.  If  a bottle,  a cup,  or  any  other  veflel 
iii  that  ftate  which  is  ufually  called  empty,  though 
really  full  of  air,  be  plunged  into  the  water  With  its 
mouth  downwards,  fcarcely  any  water  will  enter,  be- 
caufe  its  entrance  is  oppofed  by  the  elafticity  of  the  in- 
cluded air;  but  if  the  veflel  be  turned  up,  it  immedi- 
ately fills,  and  the  air  rifes  in  one  or  more  bubbles  to 
the  furface.  Suppofe  this  Operation  to  be  performed 
under  one  of  the  jars  which  are  filled  with  water:  the 
air  will  afeend  as  before ; but,  inftead  of  efcaping,  it 
will  be  detained  in  the  upper  part  of  the  jar.  In  this 
manntjr,  therefore,  we  fee  that  air  may  be  emptied  out 
of  011c  veflel  into  another,  by  an  inverted  pouring,  in 
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which  the  air  is  made  to  afcend  from  the  lower  to  the  processes 
upper  veflel,  in  which  the  experiments  are  perfoimed,  TIC  FLUIDS. 

by  the  adlion  of  the  weightier  fluid,  exaflly  fimilar  v, v— - — > 

to  the'  common  pouring  of  denfer  fluids,  detained  gXppperimcnls 
in  the  bottoms  of  open  vefiels,  by  the  fimple  aaion  of  ^'.^lallic 
gravity.  When  the  receiving  veffel  has  a narrow 
neck,  the  air  may  be  poured  through  a glafs  funnel,  h. 

C (fig.  15)  is  i glafs  body  or  bottle,  whofe  bottom  Body  and  tuhe. 
is  blown  very  thin,  that  it  may  fupport  the  heat  of  a 
candle,  fuddenly  applied,  without  cracking.  In  its  neck 
is  fitted,  by  grinding,  a tube  d,  curved  nearly  in  the 
form  of  the  letter  s.  This  kind  of  veflel  is  very  ufeful  in 
various  chemical  operations,  for  which  it  will  be  con- 
venient to  have  them  of  feveral  fizes.  In  the  figure, 
the  body  c is  reprefeUted  as  containing  a fluid,  in  the 
a£f  of  combining  with  a fubftanee  that  gives  out  air, 
which  pafles  through  the  tube  into  the  jar  b,  under 
whofe  mouth  the  other  extremity  of  the  tube  is  placed. 

At  E is  a fmall  retort  of  glafs  or  earthen  ware,  whofe 
neck  being  plunged  in  the  water,  beneath  the  jar  f,  is 
fuppofed  to  emit  the  elaftic  fluid,  extricated  from  the 
contents  of  the  retort,  which  is  received  in  the  jar. 

When  any  thing,  as  a gallipot,  is  to  be  fupported  at  Stand  or  fupport 
a confiderable  height  within  a jar,  it  is  convenient  to  ol  ",ue* 
have  fuch  wire  (lands  as  are  reprefented  fig.  16.  Thefe 
anfwer  better  than  any  other,  becaufe  they  take  up 
but  little  room,  and  are  eafily  bended  to  any  figure  or 
height. 

In  order  to  expel  air  from  folid  fubftances  by  means  Gun-barrel, 
of  heat,  a gun-barrel,  with  the  touch-hole  fcrewed  up 
and  rivctted,  may  be  ufed  inftead  of  an  iron  retort. 

E The 


5° 


EXPERIMENTS  WITH 


Phials  with 
(juickftlver. 


mirror. 


apparatus  The  fubjeft  -may  be  put  in  the  chamber  of  the  barrel, 
•r and' the  reft  of  the  bore  may  be  filled  with  dry  fand, 
that  has  been  well  burned,  to  expel  whatever  air  it 
might  have  contained.  The  Item  of  a tobacco-pipe, 
or  a fmall  glafs  tube,  being  luted  in  the  orifice  of  the 
barrel,  the  other  extremity  mult  be  put  into  the  fire, 
that  the  heat  may  expel  the  air  from  its  contents.  This 
air  will  of  courfe  pafs  through  the  tube,  and  may  be 
received  under  an  inverted  veflel,  in  the  ufual  manner. 

But  the  moll  accurate  method  of  procuring  air  from 
feveral  fubllances,  by  means  of  heat,  is,  to  put  them,  if 
they  will  bear  it,  into  phials  full  of  quickfilver,  with  the 
mouths  inverted  in  the  fame,  and  then  throw  the 
Burning  lens,  or  focus  of  a burning  lens  or  mirror  upon  them.  For  this 
purpofe  their  bottoms  Ihould  be  round,  and  very  thin, 
that  they  may  not  be  liable  to  fly  with  the  fudden  ap- 
plication of  heat.  The  body  c anfwers  this  purpofe 
very  well. 

Many  kinds  of  air  combine  with  water,  and  there- 
fore require  to  be  treated  in  an  apparatus  in  which 
quickfilver  is  made  ufe  of.  This,  fluid  being  very 
ponderous,  and  of  confid'erable  price,  it  is  an  objedl 
of  convenience  as  well  as  ceconomy,  that  the  trough 
and  veflels  Ihould  be  fmaller  than  when  water  is 
ufed.  , 

When  trial  is  to  be  made  of  any  kind  of  air,  whe- 
ther it  be  fit  for  maintaining  combultion,  the  air  may 
be  put  in  a long  narrow  glafs  veflel,  whofe  mouth  be- 
ing carefully  covered,  may  he  turned  upward.  A bit 
of  wax  candle  being  then  fattened  to  the  end  of  a wire, 
which  is  bended  fo  that  the  flame  of  the  candle  may  be 

upper- 
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uppermoft,  is  to  be  let  down  into  the  veffel,  which  apparatus 
mud  be  kept  covered  till  the  inftant  of  plunging  the  TIC  FLUIDS. 

lighted  candle  in  the  air.  v“""  v * 

Where  the  change  of  dimenfions,  which  follows  Meafmmgtube?. 

from  the  mixture  of  feveral  kinds  of  air,  is  to  be  afcer- 
tained,  a graduated  narrow  cylindrical  veffel  may  be 
made  ufe  of.  The  graduations  may  be  made  by  pout- 
ing in  fucceflive  equal  meafures  of  water  into  this  vef- 
fel, and  marking  its  furface  at  each  addition.  The 
meafure  may  be  afterwards  ufed  for  the  different  kinds 
of  air ; and  the  change  of  dimenfions  will  be  fhewn  by 
the  rife  or  fall  of  the  mercury,  or  water,  in  the  graduated 
veffel.  The  purity  of  common  air  being  determinable 
by  the  diminution  produced  by  the  addition  of  nitrous 
aif,  thefe  tubes  have  been  called  eudiometer  tubes. 

There  are  inftrumenfF  called  eudiometers,  which  con-  Eudiometers, 
fiff  of  an  affemblage  of  parts  adapted  to  the  due  mix- 
ture of  thefe  airs,  and  the  accurate  meafurement  of 
the  change  of  -bulk  they  undergo. 

There  are  fome  fubftances,  more  efpecialty  powders,  Management  o 
which  cannot  conveniently  be  put  in  a phial,  or  paffed  Powd'‘" 
through a fluid.  When  air  is  to  be  extricated  from, 
or  adftd  to,  thefe,  there  is  no  better  method  than  to 
pfore  them  on  a Hand  under  the  receiver  of  the  .air- 
pimp,  and  exhauft  the  common  air,  inffead  of  ex- 
cluding it  by  water  or  mercury.  This  procefs  re- 
quires a good  air-pump  and  careful  management, 
otherwife  the  common  air  will  not  be  well  excluded. 

It  is  frequently  an  interefting  objedf  to  pafs  the  elec-  Ele&ric  fpark. 
trie  fpark  through  different  kinds  of  air,  either  alone 
or  mixed  together.  In  this  cafe  a metallic  wire  may 
be  fattened  in  the  upper  end  of  a tube,  and  the  fparks,  . 

E 2 or 
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.A!  rARAi  ls  or  fiiock,  may  be  palled  through  this  wire  to  the  mer- 
for  elas-  r , _ , 

*ric  fluids  CU1T  or  water  ufed  t0  confine  the 


E!e<flricity  ap- 
plied. 


fir.  If  there  be 

reafon  to  apprehend  that  an  expansion  in  the  air  may 
remove  the  mercury  or  water  beyond  the  ftrikmg 
diftance,  another  wire  may  be  thrufk  up  to  receive  the 
electricity,  or  two  wires  may  be  cemented  into  oppo- 
site holes  in  the  fides  of  an  hermetically  fealed  tube. 

Holes  drilled  in  Holes  may  be  made  in  glafs  for  this  and  other  chemi- 
glals. 

cal  ufes,  by  a drill  of  copper,  or  foft  iron,  with  emery 
and  water  ’T  and,  wnere  this  inftruinent^  is  wanting,  a 
fmall  round  file  with  water  will  cut  a notch  in  Email- 
vefiels,  fuch  as  phials  op  tubes,  though  with  fome 
danger  of  breaking  them.  In  fome  electrical  experi- 
ments of  the  kind  here  mentioned,  there  Is  reafon  to 
expect  a fallacious  relult  from  the  wires  being  burned 
by  the  explofion,  or  fpark.  Foi  this  reafon  the  elec- 
tricity may  be  made  to  pafs  through  the  legs  of  a fy- 
phon,  containing  the  air  which  is  under  confideration- 
in  the  upper  part  of  its  curvature-  One  of  the  vefiels- 
in  which  the  legs  of  the  fyphon  reft,  muft  therefore  be 
infulated ; and  if  any  watery  fluid  be  ufed  confine 
the  air,  it  is  generally  fuppofed  that  no  conbuftion 
takes  place- 

impregnation  of  The  procefs  of  impregnating  wafer  with  any  ae-j^l. 
^aCcr’  fluid  it  will  combine  with,  does  not  require  any  parti. 

cular  apparatus,  but  may  be  performed  with  fuch  uten- 
fils  as  are  every  where  to  be  met  with.  The  moft 
ufual  operation  of  this  kind  is  that  of  impregnating 
— with  fixed  air.  water  with  fixed  air;  which  may  be  done  in  the  fol- 
lowing manner.  The  quart  bottle  c,  ng.  17,  is  filled 
with  water,  and  inverted  into  the  balon  f,  which  like- 
wife  contains  a little  water.  The  inverfion  may  be 

calily 
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eaflly  managed,  without  any  of  the  contents  of  the  hot-  apparatus 
tie  efcaping,  if  its  orifice  be  covered  with  a card,  to  /^fluids. 

be  withdrawn  after  the  immerfion.  a is  a half-pint  v. ..  v J 

phial,  into  which  broken  pieces  of  marble  or  chalk  are 
put ; and  upon  them  is  poured  as  much  water,  ren- 
dered very  acid  by  a mixture  of  oil  of  vitriol,  as  may 
fill  the  bottle  two-thirds,  b is  a bladder,  whofe  neck 
is  tied  fall  round  a perforated  cork  of  a tapering  figure. 

After  th.e  effervefcence  of  the  chalk  and  the  acid  has 
begun,  the  cork  is  to  be  thruft  into  the  neck  of  the 
phial  a,  the  bladder  being  previoufly  emptied  by  pref- 
fure.  Fixed  air  will  efcape  from  the  chalk,  and  inflate 
the  bladder.  When  this  laft  is  full,  it  muft  be  dif- 
engaged  from  the  bottle,  and  the  bended  tube  e mult 
be  thruft  into  the  orifice  of  its  cork.  The  aperture  of 
the  tube  being  then  placed  beneath  the  mouth  of  the 
bottle  c,  it  is  ealy  to  difcharge  the  aerial  contents  of 
the  bladder  by  preflure  into  this  laft.  Agitation  of 
the  bottle  c,  without  withdrawing  its  neck  out  of  the 
water,  increafes  the  contadl  of  the  air  and  water,  by 
dividing  them  into  fmall  parts,  and  by  that  means 
caufes  the  abforption  to  take  place  in  a few  feconds. 
rI  wo  or  three  ^repetitions  of  this  pro.cefs  impregnates 
the  water  fo  fully,  that  it  will  abforb  no  more  in  this 
way.  The  Pyrmont  water  is  of  this  kind. 

The  ufe  of  the  bladder,  in  this  operation,  is  only 
to  prevent  any  of  the  fluid  contents  of  the  bottle  a from 
palling  into  the  bottle  c,  which  would  happen  in  the 
violent  ftate  of  ebullition,  if  the  tube  E were  to  pafs 
directly  from  the  bottle  a to  c.  The  manipulation  is 
Ampler  if  the  bladder  have  two  holes  at  its  oppofite 
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Dr.  Nooth’s  ap- 
paratus. 


ends,  the  one  containing  a cork,  conftantly  kept  in  the 
neck  of  the  bottle  a,  and  the  other  fattened  round  the 
tube  E,  which  then  remains  conttantly  beneath  the 
mouth  of  c •,  and  the  air  is  prefled  up  as  occafion  may 
demand.  See  fig.  18. 

When  habitual  ufe  is  made  of  water  impregnated 
with  fixed  air,  the  apparatus  of  Dr.  Nooth  is  very  ef- 
fectual and  convenient.  It  confifts  of  three  glafs  vef- 
fels  (fig.  19).  The  lower  veflel  c contains  the  effer- 
vefeent  materials : it  has  a fmall  orifice  at  d,  (topped 
with  a ground  (topper,  at  which  an  additional  fupply 
of  either  acid,  or  water,  or  chalk,  may  be  occafionally 
introduced.  The  middle  veflel  b is  open  both  above 
and  below.  Its  inferior  neck  is  fitted  by  grinding  into 
the  neck  1-1  of  the  lower  vefiel.  In  the  former  is  a 
glafs  valve,  (ormed  by  two  pieces  of  tube,  and  a lens, 
which  is  moveable,  between  them,  as  reprefented  in 
fig.  20.  This  valve  opens  upwards,  and  fufters  the 
air  to  pafs ; but  the  water  cannot  return  through  the 
tubes,  partly  becaufe  the  orifice  is  capillary,  and  partly 
becaufe  the  flat  lens  covers  the  hole.  The  middle 
veflel  is  furniflied  with  a cock  e,  to  draw  off  its  con- 
tents. The  upper  vefiel  a is  fitted,  by  grinding,  into 
the  upper  neck  of  the  middle  veflel.  Its  inferior  part 
confitts  of  a tube,  that  pafles  almoft  as  low  as  the 
centre  of  the  middle  veflel.  Its  upper  orifice  is  clofed 
by  a ground-ttopper  f.  When  this  apparatus  is  to  be 
ufed,  the  effervefeent  materials  are  put  into  the  lower 
veflel ; the  middle  veflel  is  filled  with  pure  water,  and 
put  in  its  place ; and  the  upper  veflel  is  nearly  (topped, 
and  likewife  put  in  its  place.  The  confequence  is, 

that 
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that  the  fixed  air,  pafling  through  the  valve  at  fi,  apparatus 
afcends  into  the  upper  part  of  the  middle  veffel  b, 

where,  by  its  elafticity,  it  re-ads  on  the  water,  and  v ^ ' 

forces  part  up  the  tube  into  the  veffel  a ; part  of  the  j^a^°0.th  s ap’ 
common  air,  in  this  laft,  being  compreffed,  and  the 
reft  efcaping  by  the  ftopper,  which  is  made  of  a coni- 
cal figure,  that  it  may  be  eafily  raifed.  As  more  fixed 
air  is  extricated,  more  water  rifes,  till  at  length  the 
water  in  the  middle  veffel  falls  below  the  lower  orifice 
of  the  tube.  Fixed  air  then  pafles  through  the  tube 
into  the  upper  veffel,  and  expels  more  of  the  common 
"air  by  raifing  the  ftopper.  In  this  fituation  the  water 
in  both  veffels,  being  in  contad  with  a body  of  fixed 
air,  becomes  ftrongly  impregnated  with  that  fluid,  af- 
ter a certain  time.  This  effed  may  be  haftened  by 
taking  off  the  middle  and  upper  veffels  together,  and 
agitating  them. 

The  valve  is  the  moft  defedive  part  of  this  appa its  valve  de~ 

fcdfclYC. 

ratus : for  the  capillary  tube  does  not  admit  the  air 
through,  unlefs  there  be  a confiderable  quantity  con- 
denfed  in  the  lower  veffel : and  the  condenfation  has, 
in  fome  inftances,  burft  the  veffel. 

Modern  difeoveries,  refpeding  bodies  in  the  aeriform  Improvements 

_ . .in  diftillation. 

ftate,  have  produced  ieveral  capital  improvements  in 
the  veffels  ufed  for  diftillation.  It  was  common  with 
the  earlier  chemifts  to  make  a fmall  hole  in  the  upper 
part  of  their  retorts,  that  the  elaftic  vapours  might 
efcape,  which  would  otherwife  have  burft  the  veffels. 

By  this  means  they  loft  a very  confiderable  part  of 
their  produds.  Fig.  21,  is  an  apparatus  of  veffels*, 

'■  Prieftlcy,  III. 
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vessels  in  which  all  the  products  may  be  examined,  a is  a 
fordistill  mattrafs',  which  communicates  with  the  receiver  b,  by 

I N G#  J 

v v > a tube  that  reaches  very  near  the  bottom  of  the  latter. 

recdvers'tl0n  uPPer  part  °f  this  receiver  communicates  in  the 

fame  manner  with  the  fecond  receiver  c,  by  a tube 
reaching  nearly  to  the  bottom  of  c.  In  like  manner 
c communicates  with  d,  and  from  d proceeds  a re- 
curved tube,  which  may  be  inferted  beneath  an  in- 
verted veflel  of  witter,  or  mercury.  -It  is  evident,  in 
this  apparatus,  that  whatever  volatile  matter  efcapes 
from  the  veflel  a,  by  heat  or  otherwife,  will  either 
be  condenfed  in  b,  c,  or  d;  and  that  the  aerial  produdfs 
will  pafs  through  the  whole  fet,  and  through  the  re- 
curved tube,  into  the  inverted  veflel.  Thefe  receivers 
may  be  more  or  lefs  numerous,  according  to  circum- 
ftances ; and  the  volatile  products  may  be  condenfed 
in,  or  made  to  pafs  through,  water,  oil,  or  any  other 
fluids  placed  in  either  of  the  receivers.  The  tubes 
may  be  either  fitted  in  with  cork  and  cement ; or, 
which  is  better,  but  more  expenfive,  by  grinding. 
Small  veflels  of  this  kind  form  a convenient  interrup- 
tion in  the  recurved  tube,  palling  from  a bottle  con- 
taining matters  that  give  out  air,  as  they  are  preferable 
in  clofenefs  and  neatnefs  to  a bladder. 

Improved  re-  Fig.  22,  Exhibits  an  improvement  in  the  receiver  in 
(lift  ill  at  ion  a is  the  retort,  b an  intermediate  vef- 

fel,  called  an  adopter,  which  is  only  occaflonallv  ufed. 
c the  receiver,  having  two  necks;  one  at  d,  inferted 
into  a bottle  which  receives  the  products  which  are 

* By  Mr.  Woulfe.  PricftUy,  Ilf. 
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ufually  condenfed  in  the  receiver;  and  the  other,  at  E,  vessels 
tranfmits  the  more  volatile  or  aeriform  products  into  a 
bafqn  g,  containing  water ; beneath  the  furface,  of 
which  the  extremity  of  the  neck  e is  plunged.  It  is 
obvious  fhat  this  apparatus  is  more  particularly  ufeful 
when  the  products  are  fuch  as  combine  with  the  fluids 
in  g,  and  would  other  wife  efcape  ; and  it  is  hqrdly  ne- 
ceflary  to  obferve,  that  a bottle,  or  other  convenient 
velTel,  maybe  fubflituted  inftead  of  the  bafon  G. 

It  often  happens  in  chemical  procefles,  from  the  ir-  Remedy  agaiuft 
regularity  of  the  heat,  or  from  other  circumftances,  'lbfoiPu9n- 
that  tjie  condenfation  is  more  rapid,  in  proportion  to 
the  fupply  of  vapour,  at  fome  periods  of  the  fame  ope- 
ration than  at  others.  Whenever  this  takes  place,  the 
elaflicity  of  the  vapours  will  not  be  equal  to  the  exter- 
nal preflure  of  the  air ; and  if  any  orifice  of  the  vef- 
fels,  which  are  in  other  refpedls  clofed,  be  plunged  in 
water,  or  any  other  fluid,  this  laft  will  be  prefled  into 
the  veflels.  The  remedy  for  this  inconvenience  is,  to 
plunge  the  neck  of  the  veflel  to  no  greater  depth  in 
the  water,  than  that  the  fall  of  the  water,  in  the  re- 
ceiving veflel,  may  leave  the  orifice  open  for  the  ad- 
miflion  of  air,  before  the  water  has  rifen  high  enough 
above  the  orifice  to  reach  the  contents  of  the  veflels. 

This  effedt  is  increafed  by  making  the  neck  large,  in 
proportion  to  the  diameter  of  the  veflel  which  contains 
the  water.  Thus,  if  the  neck  e be  made  large,  and 
the  water  from  the  bafon  g fhould,  by  a rapid  conden- 
fation in  c,  be  forced  up  the  neck,  the  furface  of  the 
water  in  g will  fall  fo  much  as  to  leave  the  lower  ori- 
fice of  e uncovered,  before  any  confiderable  rife  can 
a take 
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take  place  ; but  if  f were  narrower,  its  whole  capacity 
would  be  filled,  and  the  water  would  run  over  into  c 
before  the  fall  in  G would  be  fufficient  to  uncover  the 
orifice  of  f,  and  reftore  the  equilibrium,  by  admitting 
common  air.  This  obfervation  applies  to  all  chemical 
veffels,  and  is  in  no  cafe  more  efiential  than  when  the 
neck  of  a fimple  retort  is  plunged  in  water  contained 


m a receiver. 

The  above  contrivance,  whichis  Mr. Babington’s, can- 
not very  conveniently  be  applied  to  the  apparatus  Fig. 
2i,  in  which  neverthelefs  the' condenfation  of  elaltic 
matter  in  the  retort  might  occafion  a difagreeable  re- 
turn of  the  fluids  from  the  refpeCtive  bottles  in  fuccef- 
— of  ChsptaL  fion.  Chaptal  remedies  this  by  a very  fimple  expedient. 

Fie  has  the  tube  of  communication  between  a and  b 
rather  too  flioTt  to  reach  the  liquid  in  b ; and  through 
the  bottom  or  upper  part  of  this  inverted  receiver  b he 
pafies  a fmall  tube  open  at  both  ends,  and  plunged  into 
the  liquid.  This  communication  with  the  external  air 
has  no  perceptible  effe£t,  as  far  as  relates  to  any  efcape 
of  the  vapours  ; though  it  effectually  remedies  the  con- 
fequences  of  abforption. 
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CONCERNING  THE  BALANCE  AND  WEIGHTS,  WITH 
A COMPARATIVE  TABLE  OF  THE  VARIOUS 
WEIGHTS  MADE  USE  OF  IN  EUROPE.' 

ij  , 

THE  beginning  and  end  of  every  exact  chemical 
procefs  confift  in  weighing.  With  imperfect 
inftruments  this  operation  will  be  tedious  and  inaccu- 
rate : but,  with  a good  balance,  the  refults  will  be 
fatisfactory  5 and  much  time,  which  is  fo  precious  in 
experimental  refearches,  will  be  faved.  I have  not, 
therefore,  thought  it  improper  to  devote  a whole 
chapter  to  this  general  and  important  fubjedt ; by  the 
help  of  which,  if  attentively  confidered,  the  chemical 
ftudent  may  learn  to  diftinguilh  a good  inftrument,  or 
correct  the  errors  of  a bad  one. 

The  balance  is  a lever,  whofe  axis  of  motion  is  Balance  de- 
formed with  an  edge  like  that  of  a knife  ; and  the  fcribcd’ 
two  difhes  at  its  extremities  are  hung  upon  edges  of 
the  fame  kind.  Thefe  edges  are  firft  made  {harp,  and 
then  rounded  with  a fine  hone,  or  a piece  of  buff 
leather.  The  excellence  of  the  inftrument  depends, 
in  a great  meafure,  on  the  regular  fox*m  of  this  rounded 
part.  When  the  lever  is  confidered  as  a mere  line,  the 
two  outer  edges  are  called  points  of  fufpenfion,  and  Points  of  fuf. 
the  inner  the  fulcrum.  The  points  of  fufpenfion  are  Pen{io11, 
fuppofed  to  be  at  equal  diftances  from  the  fulcrum,  Fulcrum, 
and  to  be  prefled  with  equal  weights  when  loaded. 

1.  If 
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1.  If  the  fulcrum  be  placed  in  the  center  of  gra- 
vity of  the  beam,  and  the  three  edges  lie  all  in  the 
fame  right  line,  the  balance  will  have  no  tendency  to 
one  pofition  more  than  another ; but  v/iil  reft  in  any 
pofition  it  may  be  placed  in,  whether  the  fcales  be  on 
or  off,  empty  or  loaded. 

2.  If  the  center  of  gravity  of  the  beam,  when  level, 
be  immediately  above  the  fulcrum,  it  will  overfet  by  the 
fmalleft  action  ; that  is,  the  end  which  is  lowed  will  de- 
fcend  : and  it  will  do  this  with  more  fwiftnefs  the  higher 
the  center  of  gravity, and  the  lefs  the  points  of  fufpenfion 
are  loaded. 

3.  But  if  the  center  of  gravity  of  the  beam  be 
immediately  below  the  fulcrum,  the  beam  will  not 
reft  in  any  pofition  but  when  level ; and,  if  difturbed 
from  that  pofition,  and  then  left  at  liberty,  it  will 
vibrate,  and  at  laft  come  to  reft  on  the  level.  Its 

I 

vibrations  will  be  quicker,  and  its  horizontal  tendency 
ftronger,  the  lower  the  center  of  gravity,  and  the  lefs 
the  weight  upon  the  points  of  fufpenjion. 

4.  If  the  fulcrum  be  below  the  line  joining  the  points 
of  fupenfion,  and  thefe  be  loaded,  the  beam  will 
overfet,  unlefs  prevented  by  the  weight  of  the  beam 
tending  to  produce  an  horizontal  pofition  ; as  in  § 3. 

In  this  laft  cafe,  fmall  weights  will  equilibrate,  as  in 
§ 3 ^ a certain  exadl  weight  will  reft  in  any  pofition  of 
the  beam,  as  in  § 1 ; and  all  greater  weights  will  caufe 
the  beam  to  overfet,  as  in  § 2.  Money  fcales  arc  often 
made  this  way,  and  will  overfet  with  any  confiderable 
load. 

5.  If  the  fulcrum  be  above  the  line  joining  the 
points  of  fufpenfion,  the  beam  will  come  to  the  hori- 
zontal 
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zontal  pofition,  unlefs  prevented  by  its  own  weight,  as  the 
in  § 2.  If  the  center  of  gravity  of  the  beam  be  nearly  t BALAN('E,J 
in  the  fulcrum,  all  the  vibrations  of  the  loaded  beam  Propofmoa* 
will  be  made  in  times  nearly  equal,  unlefs  the  weights 
be  very  frnall,  when  they  will  be  flower.  The  vibra- 
tions of  balances  are  quicker,  and  the  horizontal  ten- 
dency ilronger,  the  higher  the  fulcrum. 

6.  If  the  arms  of  a balance  be  unequal,  the  weights 
in  equipoife  will  be  unequal  in  the  fame  proportion. 

It  is  a fevere  check  upon  a workman  to  keep  the  arms 
equal,  while  he  is  making  the  other  adjuflments  in  a 
ftrong  and  inflexible  beam. 

7.  The  equality  of  the  arms  of  a balance  is  of  ufe, 
in  fcientific  purfuits,  chiefly  in  the  making  of  weights 

by  bifeclion.  A balance  with  unequal  arms  will  weigh  Weighing  witiV 
as  accurately  as  another  of  the  fame  workmanfhip  ^ notJ£ijuibr--^ 
with  equal  arms,  provided  the  ftandard  weight  itfelf  be 
frrft  counterpoifed,  then  taken  out  of  the  fcale,  and 
the  thing  to  be  weighed  be  put  into  the  fcalC,  and 
adjufted  againfl  the  counterpoife.  Or,  when  propor- 
tional quantities  only  are  confidered,  as  In  chemical 
and  other  philofophical  experiments,  the  bodies  and 
products  under  examination  may  be  weighed  againfl 
the  weights,  taking  care  always  to  put  the  weights  in 
the  fame  fcale.  For  then,  though  the  bodies  may  not; 
be  really  equal  to  the  weights,  yet  their  proportions 
amongft  each  other  will  be  the  fame  as  if  they  had 
been  accurately  fo, 

8.  But  though  the  equality  of  the  arms  may  be  well 
difpenfed  with,  yet  it  is  indifpenfably  neceffary  that 
their  relative  lengths,  whatever  they  may  be,  fhoulcl 
sontinue  invariable.  For'this  purpofe,  it  is  neceffary 

either 
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THE  either  that  the  three  edges  be  all  truly  parallel,  or  that 
c BALANCE*  t ^ points  of  fufpenfion  and  fupport  fhould  be  always 
in  the  fame  part  of  the  edge.  This  lafl  requifite  is  the 
molt  eafdy  obtained. 

Conftru&ion.  The  balances  made  in  London  are  ufually  conftructed 
in  fuch  a manner,  that  the  bearing  parts  form  notches 
in  the  other  parts  of  the  edges  ; fo  that  the  fcales 
being  fet  to  vibrate,  all  the  parts  naturally  fall  into  the 
fame  bearing.  The  balances  made  in  the  country  have 
the  fulcrum  edge  ftraight,  and  confined  to  one  conflant 
bearing  by  two  fide  plates.  But  the  points  of  fufpen- 
fion are  referred  to  notches  in  the  edges,  like  the  Lon- 
don balances.  The  balances  here  mentioned,  which 
come  from  the  country,  are  inclofed  in  a fmall  iron 
japanned  box;  and  are  to  be  met  with  at  the  Bir- 
mingham and  Sheffield  warehoufes,  though  lefs  fre- 
quently than  fome  years  ago;  becaufe  a pocket  contri- 
^ vance  for  weighing  guineas  and  half  guineas  has  got 

poffeffion  of  the  market.  They  are,  in  general,  well 
made  and  adjufted,  turn  with  the  twentieth  of  a grain 
when  empty,  and  will  fenfibly  {hew  the  tenth  of  a 
grain,  with  an  ounce  in  each  fcale.  Their  price  is 
from  five  (hillings  to  half-a-guinea ; but  tliofe  which 
are  under  feven  {hillings  have  not  their  edges  hardened* 
and  confequently  are  not  durable.  This  may  be  af- 
certained  by  the  purchafer,  by  paffing  the  point  of  a 
penknife  acrofs  the  fmall  piece  which  goes  through  onef 
of  the  end  boxes;  if  it  makes  any  mark  or  impreffion* 
the  part  is  foft. 

9.  If  a beam  be  adjufted  fo  as  to  have  nO’  tendency 
to  any  one  pofition,  as  in  § 1,  and  the  fcales  be  equally* 
loaded;  then,  if  a fmall  weight  be  added  in  one  of  the 

fcales,  'A 
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fcales,  that  balance  will  turn,  and  the  points  of  fuf-  the 
penfion  will  move  with  an  accelerated  motion,  fimilar  t 
to  that  of  falling  bodies ; but  as  much  flower  in  pro-  PropoStions. 
portion,  very  nearly,  as  the  added  weight  is  lefs  than 
the  whole  weight  borne  by  the  fulcrum. 

10.  The  ftronger  the  tendency  to  an  horizontal  po- 
fition  in  any  balance,  or  the  quicker  its  vibrations, 

§ § 3,  5,  the  greater  additional  weight  will  be  required 
to  caufe  it  to  turn  or  incline  to  any  given  angle.  No 
balance  therefore  can  turn  fo  quick  as  the  motion  de- 
duced in  § 9.  Such  a balance  as  is  there  deferibed,  if 
it  were  to  turn  with  the  ten  thoufandth  part  of  the 
weight,  would  move  at  quickefl  ten  thoufand  times 
'lower  than  a falling  body;  that  is,  the  difh  containing 
:he  weight,  inftead  of  falling  through  flxteen  feet  in  a 
econd  of  time,  would  fall  through  only  two  hundredth 
oarts  of  , an  inch,  and  it  would  require  four  feconds  to 

nove  through  one  third  part  of  an  inch:  confequently,  Accurate  we 
ill  accurate  weighing  muff  be  flow.  If  the  indexes  in~  ls  lov>‘ 
:f  two  balances  be  of  equal  lengths,  that  index  which 
3 connected  with  the  fhorter  balance  will  move  pro- 
jortionally  quicker  than  the  other.  Long  beams  are  Long  teams, 
he  molt  in  requeffc,  becaufe  they  are  thought  to  have 
efs  friction.  This  is  doubtful : but  the  quicker  an- 
;ular  motion,  greater  firength,  and  lefs  weight,  of  a 
hort  balance,  are  certain  advantages. 

11.  Very  delicate  balances  are  not  'only  ufeful  in 
ice  experiments,  but  are  likewife  much  more  expe- 
itious  than  others  in  common  weighing.  If  a pair  of 

i :ales,  with  a certain  load,  be  barely  fenflble  to  the 
ne-tenth  of  a grain,  it  will  require  a conflderable 
me  to  afeertain  the  weight  to  that  degree  of  accuracy. 

becaufe 
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the  becaufe  the  turn  muft  be  obferved  feveral  times  over, 

^ balance.^  an(j  -s  ver^  Kut  ^ n0  greater  accuracy  were 

Tropofnions.  required,  and  fcales  were  ufed  which  would  turn  with 
the  hundredth  of  a grain,  a tenth  of  a grain  more  or 
lefs  would  .make  fo  great  a difference  in  the  turn,  that 
it  would  be  feen  immediately. 

12.  If  a balance  be  found  to  turn  with  a certain 
addition,  and  is  not  moved  by  any  fmaller  weight,  a 
greater  fenfibility  may  be  given  to  that  balance,  by 
producing  a tremulous  motion  in  its  parts.  Thus,  if 
the  edge  of  a blunt  faw,  a file,  or  other  fimilar 
inflrument,  be  drawn  along  any  part  of  the  cafe  or 
fupport  of  a balance,  it  will  produce  a jarring,  which 
will  diminifh  the  fri&ion  on  the  moving  parts  fo  much, 
that  the  turn  will  be  evident  with  one  third  or  one 
fourth  of  the  addition  that  would  elfe  have  been  re- 
quired. In  this  Way  a beam  which  would  barely  turn 
by  the  addition  of 'the  tenth  of  a grain,  will  turn  with 
the  thirtieth  or  fortieth  of  a grain. 

13.  A balance  whofe  horizontal  tendency  depends 
only  on  its  own  Weight,  as  in  § 3,  will  turn  with  the 
fame  addition,  whatever  may  be  the  load  ; except  fo 
far  as  a greater  load  will  produce  a greater  fridfion. 

14.  But  a balance  whofe  horizontal  tendency  de- 
pends only  on  the  elevation  of  the  fulcrum,  as  ill 
§ 5,  will  be  lefs  fenfible  the  greater  the  load ; and  thfc 
addition  requifite  to  produce  an  equal  turn  will  be  in 
proportion  to  the  load  itfelf. 

15.  In  order  to  regulate  the  horizontal  tendency  in 
fome  beams,  the  fulcrum  is  placed  below  the  points  of 
fufpenfion,  as  in  § 4,  and  a Hiding  weight  is  put  upon 
tire  cock  or  index  ; by  means  of  which  the  centre  of 

gravity 
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gravity  may  be  raifed  or  deprefled. 
contrivance. 

16.  Weights  are  made  by  a fubdivifion  of  a (land-  Sets  of  weights, 
ard  weight.  If  the  weight  be  continually  halved,  it 
will  produce  the  common  pile,  which  is  the  lmalleft  pof-  Common  pile, 
fible  number  for  weighing  between  its  extremes,  without 
placing  any  weight  in  the  fcale  with  the  body  under 
examination.  Granulated  lead  is  a very  convenient 
fubftance  to  be  ufed  in  this  operation  of  halving,  Bifeflion. 
which  however  is  very  tedious.  The  readied:  way  to 
fubdivide  fmall  weights,  coijfifts  in  weighing  a certain 
quantity  of  fmall  wire,  and  afterwards  cutting  it  into 
fuch  parts,  by  meafure,  as  are  defired.  Or  the  wire 
may  be  wrapped  clofe  round  two  pins,  and  then  cut 
afunder  with  a knife.  By  this  means  it  will  be  di-  Wire  rings, 
vided  into  a great  number  of  equal  lengths,  or  fmall 
rings.  The  wire  ought  to  be  fo  thin,  as  that  one  of  thefe 
rings  may  barely  produce  a fendble  efFedt  on  the 
beam.  If  any  quantity  (as,  for  example,  a grain)  of 
thefe  rings  be  weighed,  and  the  number  then  rec- 
koned, the  grain  may  be  fubdivided  in  any  propor- 
tion, by  dividing  that  number,  and  making  the  weights 
equal  to  as  many  of  the  rings  as  the  quotient  of  the 
divifion  denotes.  Then,  if  750  of  the  rings  amounted 
to  a grain,  and  it  were  required  to  divide  the  grain 
decimally,  downwards,  would  be  equal  to  675 

r^ngsj  to  would  be  equal  to  600  rings,  to  525 
rings,  &c.  Small  weights  may  be  made  of  thin  leaf 
brais.  Jewellers  foil  is  a good  material  for  weights  below 
the  of  a grain,  as  low  as  to  the  of  a grain ; 
and  all  lower  quantities  may  be  either  eftimated  by 
the  pofition  of  the  index,  or  {hewn  by  actually  count- 
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the  ing  the  rings  of  wire,  whofe  value  has  been  deter- 

BALANCE#  • « 

y j mined. 

Number  of  17.  In  philofophical  experiments,  it  will  be  found 

weights  required  . , ..  r 

to  form  a let.  very  convenient  to  admit  no  more  than  one  dimenhon 
of  weight.  The  grain  is  of  that  magnitude  as  to  de- 
ferve  the  preference.  With  regard  to  the  number  of 
weights  the  chemift  ought  to  be  provided  with,  writers 
have  differed  according  to  their  habits  and  views.  Ma- 
thematicians have  computed  the  lead  poffible  number 
with  which  all  weights,  within  certain  limits,  might 
be  afeertained m,  but  their  determination  is  of  little 
ufe,  becaufe,  with  fo  fmall  number,  it  muff  often 
happen,  that  the  feales  will  be  heavily  loaded  with 
weights,  on  each  fide,  put  in  with  a view  only  to  de- 
termine the  difference  between  them.  It  is  not  the 
lead  poffible  number  of  weights  which  it  is  neceffary  an 
operator  fhould  buy  to  effect  his  purpofe,  that  we  ought 
to  enquire  after,  but  the  mod  convenient  number  for 
obtaining  the  refults  with  accuracy  and  expedition. 
The  error  of  adjudment  is  the  lead  poffible,  when 
only  one  weight  is  in  the  fcale  \ that  is,  a fugle 
weight  of  five  grains  is  twice  as  likely  to  be  true,  as 
two  weights,  one  of  three,  and  the  other  of  two 
grains,  put  into  the  difir  to  fupply  the  place  of  the 
fingle  five,  becaufe  each  of  thefe  lad  has  its  own  pro- 
bability of  error  in  adjudment.  But,  fince  it  is  as  in- 
confident  with  convenience  to  provide  a fingle  weight, 
as  it  would  be  to  have  a fingle  character  for  every 
number*,  and  as  we  have  nine  characters,  which  we 
ufe  in  rotation,  to  exprefs  higher  values  according  to 
/ their  pofition;  it  will  be  found  very  ferviceable  to  make 
the  fet  of  weights  correlpond  with  our  numerical 

fyftem. 
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fyftem.  This  cUretts  \is  to  the  fet  of  weights,  as  fol-  the 
lows  : 1000  grains,  900  g.  800  g.  700  g.  600  g.  500  g.  ^ ^ , 

400  g.  3OO  g.  200  g.  IOO  g.  90  g.  80  g.  70  g.  60  g.  Decimal  fet  of 

n ^ weights. 

5°  g-  4°  g 3°  g*  20  g-  10  g-  9 g-  8 g-  7 g-  6 g*  5 g* 

4 g*  3 g*  2 g*  1 g*  To  8*  TO  g*  -IS  g’  To  g*  To  g*  To  g* 

Tcf  g*  To  g*  To  g*  Td"o  g-  Too  g"  Too'  g*  TTo  g*  T^o'o  g* 

g-  t|o  g-  t4o-  g-  t4"o"  g-  With  thefe  the  philofo- 
pher  will  always  have  the  fame  number  of  weights  in 
his  fcales  as  there  are  figures  in  the  number  expreffmg 
the  weights  in  grains. 

Thus  742.5  grains  will  be  weighed  by  the  weights 
too,  40,  2,  and  T%. 

I fhall  conclude  this  chapter  with  an  account  of  Account  of  fome 
ome  balances  I have  feen  or  heard  of,  and  annex  a balanccs- 
ible  of  the  correfpondence  of  weights  of  different 
ountries. 

Mufchenbroek,  in  his  Cours  de  Phyfique  (French  The  balance  of 
ranflation,  Paris,  17 69),  tom.  ii.  p.  247,  fays,  he  Mufchenbroek : 
fed  an  ocular  balance  of  great  accuracy,  whigh  turned 
rebuchoit)  with  ^ of  a grain.  The  fubftances  he 
reighed  were  between  200  and  300  grains.  His  ba- 
ilee, therefore,  weighed  to  the  part  of  the 

hole  > and  would  afeertain  fuch  weights  truly  to  four 
aces  of  figures. 

In  the  Philofophical  Tranfaclions,  vol.  lxvi.  p„  509,  — of  Bolton, 
ention  is  made  of  two  accurate  balances  of  Mr. 
oleon*,  and  it  is  faid  that  one  would  weigh  a pound, 
id  turn  with  -fL.  of  a grain.  This,  if  the  pound  be 
oirdupois,  is  of  the  weight ; and  fhews  that 

e balance  could  be  well  depended  on  to  four  places 
figures,  and  probably  to  five.  The  other  weighed 

F 2 half 
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the  half  an  ounce,  and  turned  with  the  T-o-g-  of  a grain. 
t BAL^NCE^  This  is  the  of  the  weight. 

Balance  of  Mr.  In  the  fame  fame  volume,  p.  511,  a balance  of  Mr. 
Read:  Read’s  is  mentioned,  which  readily  turned  with  lefs 

than  one  pennyweight,  when  loaded  with  55  pounds, 
before  the  Royal  Society  but  very  diftindly  turned 


— ofMr.Whitc- 
hurft : 


—of  the  Author: 


—of  Mr.  Al- 
chorne  : 


with  four  grains  when  tried  more  patiently.  This  is 
•about  the  Part  tlie  weight ; and  therefore  this  j 

balance  may  be  depended  on  to  five  places  of  figures. 

Alfo,  p.  576,  a balance  of  Mr.  Whitehurft’s  weighs 
one  pennyweight,  and  is  fenfibly  affected  with  the 
of  a grain.  This  is  part  of  the  weight. 

I have  a pair  of  feales  of  the  common  conftruc-  | 
t'ion,  § 8,  made  exprefsly  for  me  by  a flcilful  workman 
in  London.  With  1200  grains  in  each  fcale,  it  turns  j 
with  TV  of  a grain.  This  is  the  ^ of  the  whole  i : 
and  therefore  about  this  weight  may  be  known  to  five 
places  of  figures.  The  proportional  delicacy  is  lefs  in  i 
greater  weights.  The  beam  will  bear  near  a pound  1 
troy,  and  when  the  feales  are  empty  it  is  affeaed  by  ; 
the  I -J0  0 of  a grain.  On  the  whole,  it  may  be  ufefully  j 
applied  to  determine  all  weights  between  100  grains! 
and  4000  grains  to  four  places  of  figures. 

A balance  belonging  to  Mr.  Alchorne,  of  the  Mint,  i 
in  London,  is  mentioned,  vol.  lxxvii.  p.  205  of  the 


— ef  Dr. 
'Cerdyec. 


Philofophical  Tranfadions.  It  is  true  to  3 grains  with  j 
15  lb.  an  end.  If  thefe  were  avoirdupois  pounds,  the 

weight  is  known  to  y y^o-er  Part>  or  to  ^our  P^aces 
figures,  or  barely  five. 

Ge0t  A balance  (made  by  Ramfden,  and  turning  on  point! 

inftead  of  edges)  in  the  pofleffion  of  Dr.  George  Fori 
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dyce,  is  mentioned  in  the  75th  volume  of  the  Philo-  1HE 
fophical  Tranfadtions.  With  a load  of  foiu  01  live  L ^ j 
ounces,  a difference  of  one  divifion  in  the  index  was 

made  by  the  --^Vo  °f  a gra'n’  *s  Ts+Wo  Palt 

the  weight ; and,  confequently,  this  beam  will  afcei’tain 
fuch  weights  to  five  places  of  figures,  befides  an  elli- 
mate  figure. 

I have  feen  a flrong  balance  in  the  poffeffion  of  The  balance  0: 
my  friend  Mr.  Magellan,  of  the  kind  mentioned  in 
§ 1 ij,  which  would  bear  feveral  pounds,  and  {hewed 
w'ith  one  pound  an  end.  This  is  the 


~i~S 


grain, 


Ttslo-c  °f  weight,  and  anfwcrs  to  five  figures.  But 
I think  it  would  have  done  more  by  a more  patient 
trial  than  I had  time  to  make. 

The  Royal  Society’s  balance,  which  was  lately— of  the  Royal 
made  by  Ramfden,  turns  on  fieel  edges  upori  planes  of  Soua-,‘ 
polifhed  cryltal.  I was  allured  that  it  afeertained  a 
weight  to  the  feven  millionth  part.  I was  not  pre- 
fent  at  this  trial,  which  mult  have  required  great  care 
and  patience,  as  the  point  of  fufpenfion  could  not  have 
moved  over  much  more  than  of  an  inch  in  the 
firft  half  minute  : but,  from  fome  trials  which  I faw,  I 
think  it  probable  that  it  may  be  uled  in  general  pradtice 
.0  determine  weights  to  five  places  and  better. 

From  this  account  of  balances  the  young  ftudent  Inferences, 
nay  form  a proper  eltimate  of  the  value  of  tliofe 
:ables  of  fpecific  gravities,  which  are  carried  to  five, 
ix,  and  even  feven  places  of  figures,  and  likewife  of 
he  theoretical  dedudtions  in  chemillry  that  depend  on 
1 fuppofed  accuracy  in  weighing,  which  practice  does 
lot  authorife.  In  general,  where  weights  are  given 
0 five  places  of  figures,  the  lad  figure  is  an  eltimate 
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Comparifon  of 
weights : 


or  guefs  figure  ; and  where  they  are  carried  farther,  if: 
may  be  taken  for  granted  that  the  author  deceives 
either  intentionally,  or  from  want  of  (kill  in  reducing 
his  weights  to  fra&ional  expreflions,  or  otherwife. 

Among  the  numerous  public  exertions  which  our 
learned  neighbours,  the  French,  have  made  in  favour 
of  the  fciences,  the  determination  of  the  relative  pro-* 
portions  of  the  weights  ufed  in  various  parts  of  Europe, 
is  by  no  means  one  of  the  lead.  The  mod  exadt  dand- 
ard  weights  were  procured  by  means  of  the  ambafla- 
dors  of  France,  refident  in  the  various  places  \ and 


-by  Monf.  Til-  thefe  were  compared  by  Monf,  'Fillet  with  the  dand- 


let. 


ard  mark  in  the  pile  called  the  poids  de  Charlemagne , 
preferved  in  the  Cour  de  Monnoies  at  Paris.  His  ex-* 
periments  were  made  with  an  exacl  balance  made  to 
weigh  one  mark,  and  fenfible  to  one  quarter  of  a grain. 
Now,  as  the  mark  contains  18,432  quarter  grains,  it 
follows  that  his  balance  was  a good  one,  and  would 
exhibit  proportions  to  four  places,  and  a guefs  figure. 
The  refults  are  contained  in  Table  II.  (Appendix),  ex- 
tracted from  Monf.  Tibet’s  excellent  Paper  in  the  Me^ 
moirs  of  the  Royal  Academy  of  Sciences  for  the  year 
1767.  I have  added  the  two  lad  columns,  which  (hew 
the  number  of  French  and  Englifh  grains  contained 
in  the  compound  quantities  againft  which  they  dand. 
The  Englidr  grains  are  computed  to  one-tenth  of  a 
grain,  though  the  accuracy  of  weighing  came  no  nearer 
than  about  two  tenths. 
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CHAP.  VII. 


ON  THE  ATTRACTIONS  EXERTED  BETWEEN  BODIES  , 
PARTICULARLY  THOSE  WHICH  THE 
CHEMISTS  CALL  ELECTIVE 
ATTRACTIONS. 


T 


HUS  far  we  have  attended  chiefly  to  the  changes  affections 
produced  in  bodies  by  an  alteration  in  their  tern-  ^OF  B°D1ES^ 
perature,  and  to  the  methods  of  conducting  chemical 
operations.  We  now  proceed  to  confider  thofe  adtions 
which  take  place  between  the  parts  of  bodies  of  diffe- 
rent kinds.  Thefe  form  a branch  of  knowledge  of  the  Creat  import- 

greateft  importance,  but  of  fuch  an  extended  nature  knowledge  of  the 
i a * • i . aftions  between 

as  to  require  the  utmott  caution  to  avoid  error  m en-  the  paru  of 
deavouring  to  acquire  it.  The  whole  fcien'tific  partbodlcs‘ 
of  chemiftry  depends  on  a right  interpretation  of  fadts 
of  this  kind.  In  the  invefligation  of  thofe  general  truths 
which  may  be  confidered  as  laws  of  nature,  we  cannot 
therefore  be  too  careful  in  diftinguifhing  well-eflablifhed 
facls  from  the  ingenious  though  inadequate  conclufions 
which  theoretical  writers  are  too  ready  to  form. 

That  property  of  matter  or  body  by  which  we  think  Inertia  of  mat. 
we  can  belt  determine  its  quantity,  is  its  inertia,  or  the  ter‘ 
refiftance  it  makes  to  the  communication  of  motion. 

We  cannot  perhaps  form  any  idea  why  there  fliould  be 
more  difficulty  in  moving  one  body  than  another,  except 
that  it  really  confifls  of  a larger  portion  of  matter. 

The  perceptible  extenfion  of  the  fame  body  will  vary,  Extenfion. 
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attrac-  if  the  dimenfions  of  its  pores  be  either  increlafed  or  dimi- 
v 1 10NS’  j nifhed  ; and  there  is  no  inconfiftency  in  fuppofing  it  at 

a/ 

Gravity  may  leaft  poflible  that  its  weight,  or  the  force  by  which  it 

perhaps  be  mo-  . , , . ■,  . • n r 

dihed:  is  urged  towards  the  earth,  may  not  in  all  caies  conti- 

nue unaltered,  but  be  capable  of  modification  like  the 
attractions  of  magnetifm  and  eleCtricity.  Neither  the 
extenfion  nor  the  weight  of  bodies  appears  therefore  to 
he  original  meafures  of  their  quantities  of  matter  \ how 
far  they  may  be  ufed  as  fuch,  mult  depend  on  their 
coincidence  with  the  inertia. 

—but  is  not  After  a proper  allowance  has  been  made  for  the  effects 
experiments^  ^ eart^’s  rotation  on  its  axis,  it  is  found  that  the 

power  of  gravitation,  in  giving  motion  to  the  balls  of 
pendulums,  is  accurately  in  proportion  to  their  maffes, 
as  meafured  by  their  refiftance  or  inertia.  The  weights 
of  bodies  therefore  are  meafures  of  their  quantities 
of  matter ; and  though  the  forces  with  which  various 
bodies  of  equal  magnitude  are  urged  towards  the 
earth,  are  different,  we  do  not  fuppofe  the  attraction 
or  affinity  between  thofe  bodies  and  the  earth  to  be 
ftronger  or  weaker  in  tire  feveral  inftances,  but  only 
Ufual  inference,  that  the  maffes  are  greater  or  lefs.  Thus,  though  a 
cubic  inch  of  gold  weighs  more  than  twice  as  much  as 
a cubic  inch  of  copper,  we  do  not  fuppofe  a ftronger 
attraction  between  gold  and  the  earth ; but  conclude 
that  one  general  force  aCts  on  both,  whofe  effeCts  are 
greater  on  the  former  body  than  the  latter,  becaufe  the 
mafs  of  the  former  is  really  greater  than  that  of  the 
latter. 

The  effeCts  of  attraction  between  one  body  and  ano- 
ther are  fo  numerous,  that  we  cannot  avoid  perceiving 
them  every  moment.  Two  fmooth  polifhcd  pieces  of 
6 metal 


EfFettsof  atlrao 
tiom: 


— cohefive. 


elective  attraction. 
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metal  adhere  when  prefTed  together.  "W  ater  and  other 
fluids  take  the  form  of  globules,  and  will  hick  to 
various  bodies,  and  pafs  into  the  pores  of  fponge,  bread, 
or  the  cavities  of  fmall  tubes.  Solid  bodies  retain  their 
form  by  the  adhefion  of  their  parts ; and  without  this 
power  it  is  impoflible  to  conceive  how  the  univerfe 
could,  for  a moment,  fubfift  in  its  prefent  form. 

It  may  be  quehioned  whether  this  cohefive  attrablion  Cohefive  attrac- 

, , _ . , , . tion  differs  iron* 

be  the  fame  power  as  gravity.  I o decide  the  enquiry,  gravity, 
it  will  be  neceflary  to  compare  their  manner  of  action. 

The  force  of  gravity  acts  in  the  inverfe  proportion  of 
the  fquare  of  the  dihance  between  the  bodies  : but  the 
effects  of  cohefion  are  found  to  increafe  at  a much  faher 
rate,  as  the  bodies  approach ; fo  that  its  power  is  in- 
comparably greateh  at  fmall  dihances.  This  feems  to 
be  a fufficient  reafon  for  confidering  gravitation  and 
cohefion  as  two  diftinft  powers. 

The  elective  attraction  of  the  chemifts — fuch,  for  ex-  Eleftivc  attrac- 
ample,  as  when  copper,  being  diflolved  in  an  acid,  is  tlon‘ 
feparated,  and  falls  to  the  bottom  in  a powdery  form, 
on  the  addition  of  iron — may,  in  all  its  numerous  vari- 
eties, be  either  one  general  power,  acting  like  gravity, 
according  to  the  mafles  or  denfities  of  the  particles;  or  it 
may,  like  magnetifm,  be  dependent  more  on  the  peculiar 
qualities  of  thofe  particles  than  on  their  mafles.  If  the 
former  were  the  cafe,  we  might  Amplify  our  deduc- 
tions by  admitting  that  cohefion  and  elebtive  attrablion 
are  the  fame  thing.  It  will  be  eafy  to  examine  whether  Queftio*. 
this  pofition  will,  in  any  one  inftance,  lead  us  into  an 
error  ; and,  if  it  does,  it  mull  be  abandoned.  Spirit  of 
wine  diflolves  refin ; water  does  not : hence  it  will 
follow,  if  the  attraction  depend  on  the  denfity  of  par- 
ticles. 
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.Ele&ive  attrac. 
tion  docs  not  de- 
pend on  denfity, 


.—probably  on 
figure. 


Aggregation. 


Mixture. 


Combination,  or 
compofi  lion. 


Integrant  and 

component 

parts. 


tides,  that  the  particles  of  fpirit  of  wine  are  denfer  than 
thofe  of  water.  But,  again,  water  diffolves  gums  j 
fpirit  does  not : whence,  by  the  fame  reafoning,  we 
! fhould  deduce,  that  the  particles  of  water  are  denfeft. 

- But  the  true  inference  is,  that  if  thefe  different  effedls 
depend  on  any  general  law,  it  does  not  follow  the  denfity 
of  the  particles  ; and  till  that  general  law  is  difcovered, 
we  ought  to  confider  the  various  attractions  which  occur 
in  chemiftry,  as  peculiar  to  the  bodies  in  which  they 
are  obferved. 

Bergman,  Morveau,  and  other  eminent  chemifts, 
are  inclined  to  the  opinion  that  there  is  but  one 
general  power  of  attra&ion  in  nature,  which  is  modi- 
fied chiefly  by  the  figure  of  particles  when  extremely 
near  each  other.  But  this  has  not  been  ftridtly,  exa- 
mined. 

The  adhefion  of  parts  of  the  fame  kind,  is  called 
aggregation.  Thus,  a number  of  pieces  of  brimftone 
united  by  fufion,  form  an  aggregate.  The  union  of 
bodies- of  different  kinds,  in  a grofs  way,  is  called  mix- 
ture. Thus  fand  and  fait  of  tartar  may  be  mixed 
together.  But  when  the  very  minute  parts  of  one 
body  unite  with  thofe  of  another  fo  intimately  as  to 
form  a body  which  has  properties  different  from  thofe 
6f  either  of  them,  the  union  is  called  combination,  or 
compofition.  For  example,  fand  and  fait  of  tartar,  ex- 
pofed  to  a flrong  heat,  cortibine,  and  form  a compound 
called  glafs.  The  minuted  parts  into  which  an  aggre-  ^ 
gate  can  be  imagined  to  be  divided  without  decom- 
pofition,  are  called  integrant  parts ; but  the  parts  into 
which  it  is  divided  by  decompofition,  are  called  com- 
ponent parts  or  principles. 

Principles 
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Principles  which  cannot  be  fubdivided  by  art,  are  chemical 
called  elements,  or  firft  principles ; and  the,  principles 

made  up  of  thefe,  are  called. fecondary  principles.  Some  i > 

writers  carry  this  order  (till  farther  *,  but  it  mull  be  con- 
feffed  that  no  means  have  yet  been  devifed  to  fhew  une- 
quivocally whether  any  luch  fubordination  of  principles 
exilts.  W e may  indeed  difcover  the  component  parts  of 
bodies ; but  we  know  nothing  of  their  arrangement.  • 

As  the  chemical  attractions,  like  other  powers  of  the 
fame  kind,  are  weaker,  the  greater  the  diftance  be- 
tween the  parts  which  aCt  on  each  other ; and  as  heat 
enlarges  the  dimenfions  of  the  bodies  ; doubtlefs,  by  Heat, 
feparating  their  parts,  it  will  not  be  difficult  to  explain  Sec  pag.  j. 
the  efle£t  of  heat  upon  the  changes  produced  in  bodies 
by  their  elective  attractions. 

If  two  folid  bodies,  dilpofed  to  combine  together,  be  simple  combi, 
brought  into  contaCl  with  each  other,  the  particles  that  ,utlon* 
touch  will  combine,  and  form  a compound  •,  and  the 
procefs  will  go  no  further,  if  the  compound  Hill  retain 
the  folid  form.  But  if  the  compound  be  of  fuch  a nature 
as  to  have  its  point  of  congelation  or  folidity  much  lower 
than  the  temperature  in  which  the  experiment  is  made, 
or  if  it  attract  wrater  from  the  atmofphere,  it  will  be 
fluid ; and  the  eflential  property  of  a fluid  being,  that 
all  its  particles  may  freely  move  amongft  each  other, 
the  parts  of  each  body  will  be  at  liberty  to  move  in 
fucceffion,  fo  as  belt  to  obey  the  elective  attraction. 

The  confequence  will  be,  that  a new  compound,  in  a 
fluid  form,  will  be  produced  by  the  union  of  the  two 
bodies.  An  inftance  of  this  has  already  been  fhewn  Page  ig. 
in  the  mixture  of  ice  and  fait. 

If  one  of  the  t\vro  bodies  be  fluid  at  the  temperature  Sufpcnfion, 

of 
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of  the  experiment,  its  parts  will  fuccelTively  unite  with 
the  parts  of  the  l'olid,  which  will  y that  means  be 
fufpended  in  the  fluid,  and  difappear.  Such  a fluid  is 
called  a folvent,  or  menftruum,  and  the  folid  body  is 
faid  to  be  diflolved.  Thus  water  diflolves  fait,  mercury 
diflolves  gold,  glafs  of  lead  diflolves  fand,  &c. 

In  the  humid  way,  where  the  fluid  ftate  is  pro- 
duced by  means  of  water,  and  in  many  cafes  of  which 
the  diflolved  bodies  may  be  recovered  by  evaporating 
the  water,  it  is  ufual  to  attend  only  to  the  actions  of 
the  fufpended  bodies,  and  neglect  the  fluid,  becaufe 
common  to  all  experiments  of  this  kind.  But  as  the 
water  certainly  has  as  great  a {hare  in  modifying  the 
effedl  which  follows,  as  any  other  of  the  bodies  pre- 
fent,  the  elective  attractions  between  bodies  held  in 
folution  in  water,  will  not  in  general  be  the  fame  as 
when  the  menftruum  is  fpirit,  oil,  or  aether ; or  when, 
in  the  dry  way,  one  of  the  bodies  is  rendered  fluid  by 
ftrong  heat. 

Some  fubftances  unite  in  all  proportions.  Such,  for 
example,  are  acids  in  general,  and  fome  other  falts, 
with  water ; and  many  of  the  metals  with  each  other. 
But  there  are  likewife  many  fubftances  which  cannot 
be  diflolved  in  a fluid,  at  a fettled  temperature,  in  any 
quantity  beyond  a certain  proportion.  Thus  water 
wall  diflolve  only  about  one  fourth  of  its  weight  of 
common  fait ; and  if  more  be  added,  it  will  remain 
folid.  A fluid  which  holds  in  folution  as  much  of 
any  fubftance  as  it  can  diflolve,  is  faid  to  be  faturated 
with  it.  But  faturation  with  one  fubftance  does  not 
deprive  the  fluid  of  its  power  of  adling  on  and  dif- 
folving  fome  other  bodies,  but  in  many  cafes  increafes 
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that  power.  For  example,  water,  faturated  with  fait,  ch™icai. 
will  diffolve  fugar ; and  water,  faturated  with  fixed  air,  ^ons. 

will  difiolve  iron,  though,  without  that  addition,  its  v v ....  J 

a£lion  on  that  metal  is  fcarcely  perceptible.  The  word 
Saturation  is  likewife  ufed  in  another  ienfe  by  chemifts  : 
the  union  of  two  principles  produces  a body  whofe 
properties  are  different  from  thofe  of  its  component 
parts,  but  which  refemble  thofe  of  the  predominat- 
ing principle.  When  the  principles  are  in  fuch  pro- 
portion as  that  neither  may  predominate,  they  are 
faid  to  be  faturated  with  each  other;  but  if  otherwife, 
the  rnofl  predominant  principle  is  faid  to  be  under- 
faturated,  and  the  other  over-faturated. 

Fluids  in  general  diffolve  a greater  quantity  of  any  Solution  affifted 
fubflance  the  higher  the  temperature.  This  probably 
arifes  from  the  fluidity  of  the  body  in  Solution  being 
promoted  by  the  heat. 

When  two  bodies,  which  would  not  otherwife  com-  Medium  of  com- 
bine, are  made  to  unite  by  the  addition  of  a third,  the  binjtl0“* 
latter  is  called  a medium.  Thus  the  iron  and  water,  in 
the  inflance  lately  mentioned,  are  faid  to  have  combined 
by  the  medium  of  fixed  air. 

It  often  happens,  on  the  contrary,  that  the  tendency  Saparation,  or 
to  combination  between  a folvent  and  another  body,  PieuPltatlon' 
is  weakened  or  deflroyed  by  the  addition  of  a third. 

Thus  fpirit  of  wine  weakens  the  adlion  of  water  upon 
moft  falts,  and  of  courfe  feparates  them  from  it.  If. 
to  a faturated  Solution  of  nitre  in  water  there  be  added 
an  equal  meafure  of  Strong  ardent  fpirit,  the  nitre 
becomes  Solid,  and  falls  down  in  an  inflant  to  the  bot- 
tom of  the  phial.  The  fubflance  thrown  down  from 
a Solvent  by  the  addition  of  any  other  matter,  is  faid  to 
’ be 
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be  precipitated,  and  many  fuch  products  are  callecf 
precipitates. 

When  a compound  of'  two  principles  is  fo  affedted 
by  the  addition  of  a third,  that  a new  compound  is 
formed  of  this  lafh  principle  and  one  of  the  other 
two  ; at'  the  fame  time  that  the  principle  which  was  part 
of  the  original  compound,  but  does  not  enter  into  the 
fecond  combination,  is  difengaged ; the  decompofition 
and  new  combination  are  faid  to  be  produced  by  fimple 
eledlive  attraction  or  affinity. 

Moft  operations  of  nature  or  art  are  fo  complex', 
that  it  is  exceedingly  difficult  to  exemplify  thefe  effeCts. 
The  following  inflance  will  exhibit  an  efFedt  of  fimple 
elective  attradlion,  if  we  overlook  the  effedl  of  the 
water,  which  is  prefent  in  both  falts.  Common  fait 
conffits  of  two  principles.  The  one  is  the  mineral 
alkali  commonly  known  by  the  name  of  fait  of  foda  \ 
and  the  other  is  the  marine  acid,  which,  when  com- 
bined with  water,  is  known  by  the  name  of  fpirit  of 
fait.  If  the  vitriolic  acid  be  poured  upon  common  fait, 
it  will  attract  the  alkali  more  Itrongly  than  it  is  at- 
tracted by  the  marine  acid.  The  confequence  will  be, 
that  it  will  unite  with  the  alkali,  and  form  a new 
compound,  called  Glauber’s  fait,  while  the  marine  acid 
flies  off  in  the  form  of  air.  This  air,  meeting  with 
moiffure  in  the  atmofphere,  combines  with  it,  and 
forms  the  common  marine  acid  vifible  in  the  form  of 
white  fumes. 

In  the  dry  way,  if  a combination  of  lead  and  fulphur 
be  fufed  with  iron,  the  fulphur  unites  with  this  laft, 
and  leaves  the  lead  free. 

If  we  were  to  fpeculate  on  thefe  events,  it  would 
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be  eafy  to  fhew  from  what  fuppofed  action  among  the  chemical 
particles  they  may  happen.  If  a particle  of  alkali  be  ^kjns*" 

furrounded  by  particles  of  marine  acid,  and  the  vi-  v y 1 

triolic  acid  be  added,  the  particles  of  thefe  lad  may  be 
fo  drongly  attracted  by  the  alkali  as  to  approach  it, 
and  remove  the  particles  of  marine  acid  beyond  the 
limit  of  fenfible  attraction.  This  effect  may  be  faci- 
litated by  the  action  of  heat,  which  increafes  the  dis- 
tances between  parts  of  bodies  *,  and  the  difengaged 
fubftance  may  affume  either  the  Solid,  fluid,  vaporous, 
cr  aerial  flate,  according  to  the  temperature  and  the 
peculiar  properties  of  the  body  itfelf  in  that  i*efpe£L 

Where  two  bodies,  each  confiding  of  two  princi-  Double  ele&ivc 
pies,  are  fo  difpofed  as  to  act  on  each  other,  and  the 
order  of  the  principles  changes  in  fuch  a manner  as  to 
form  two  other  bodies  compofed  of  different  principles, 
the  change  is  faid  to  be  produced  by  double  affinity,  or 
double  elective  attraction. 

In  the  humid  way : Let  mercury  be  diffolved  in  the  Example:  in  the 
nitrous  acid  (or  Spirit  of  nitre  of  the  Shops)  until  the  llumidway’ 
acid  will  take  up  no  more.  The  Solution  will  then 
con  fid  of  a mercurial  fait  diffolved  in  water.  Let 
tartar,  which  is  a fait  confiding  of  a peculiar  acid 
united  with  the  vegetable  alkali,  be  added.  The  con- 
fequence  will  be,  that  the  alkali  of  the  tartar  will  quit 
its  own  acid,  and,  uniting  with  the  nitrous  acid,  will 
form  nitre,  which  will  continue  dilfolved  ; and,  on  the 
other  hand,  the  acid  of  the  tartar,  being  difengaged, 
will  unite  itfelf  to  the  mercury,  and  form  a fait,  which, 
on  account  of  its  infolubility,  will  fall  down  in  the 
form  of  a powder. 

In  the  dry  way : If  an  alloy  of  gold  and  copper  be  — dry  way. 

' . • fufed 
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fufed  with  the  antimony  of  the  {hops,  which  confifls 
of  fulphur  and  a metallic  body  called  regulus  of  an- 
timony, the  fulphur  will  unite  with  the  copper,  and 
float  above,  while  the  gold  and  the  regulus  combine 
together,  and  occupy  the  lower  part  of  the  crucible. 

One  of  the  principal  objeCts  of  chemical  refearch 
confifls  in  the  numerical  expreflion  of  the  attractive 
powers  of  bodies.  If  this  weire  well  afcertained,  it  is 
probable  we  fhould  be  able  to  foretel,  not  only  the 
effeCts  of  Ample  or  double  affinity,  but  likewife  in 
what  cafes  the  compounds  of  three  or  more  fubllances 
take  place.  See  Appendix. 

No  regular  connection  has  been  yet  difcovered  be- 
tween the  folubility  in  water,  the  fufibility,  volatility, 
fpecific  gravity,  and  other  obvious  properties  of  the 
component  parts  of  bodies,  and  of  the  compounds 
they  produce.  Hence  it  happens,  in  humid  operations, 
that  the  infoluble  products  will  either  fall  to  the  bot- 
tom, or  rife  to  the  furface,  according  to  their  weights. 
In  fome  proceffes,  all  the  products  will  be  thus  fepa- 
rated ; and  in  others  the  whole  will  remain  diflolved. 
In  the  dry  way  likewife  fome  products  wall  rife,  others 
will  become  fluid,  and  others  fixed,  fo  as  to  require  a 
ftronger  heat  to  fufe  them  than  before. 

Thefe  feveral  changes  afford  means  to  the  chemift  of 
feparating  bodies  from  each  other.  When  two  diffe- 
rent kinds  of  fait  are  diffolved  in  water,  it  would  be 
almoft  impoffible  to  feparate  them  if  they  were  both 
equally  foluble  •,  becaufe  evaporation  would  leave  both 
in  a confufed  mafs.  But  where  the  one  is  more  folu- 
ble than  the  other,  the  latter  will  begin  to  be  feparated, 
and  may  be  taken  out  at  a period  of  the  evaporation,  at 

which  j 
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which  the  whole  of  the  former  will  remain  fufpended.  chemical 
So  likewife  the  advantages  derived  from  the  procefles  ArTRAC> 

...  TIONS. 

ot  diftillation,  fublimation,  and  other  dry  operations,  i-  i 

are  founded  on  thefe  different  properties  of  bodies. 

The  parts  of  all  bodies  which  take  the  folid  {fate  Cryihllization. 
are  difpofed  to  arrange  themfelves  in  fuch  a manner  as 
to  produce  fome  regular  geometrical  figure  in  the  folid. 

Ihus  ice,  during  its  formation  in  water,  or  even  in 
die  open  air,  always  affumes  a regular  figure,  as  far 
as  circumftances  will  permit.  The  fame  is  Obfervable 
in  the  fixation  of  other  fluids,  and  alfo  in  the  fepa- 
ration  of  bodies  from  their  folvents,  as  falts  from 
water.  This  property  is  called  cryflallization,  and 
the  regularly-figured  bodies  are  called  cryftals.  The 
figure  of  cryftals  is  influenced  by  fo  many  circum- 
fiances  fuch  as  the  quicknefs  of  their  formation,  the 
temperature  and  agitation  of  the  fluid,  the  prefence  of 
light,  and  others-  that  little  dependence  can  be  placed 
on  it  as  an  indication  of  the  compofition  of  bodies  j 
though  the  experienced  operator  will  doubtlefs  derive' 
fome  advantage  by  attending  to  it. 

. f he  reSular  arrangement  of  parts  in  cryflallization  Polar:,,,  of 
IS  fuppofed  by  fome  to  be  the  confequcnce  of  a pro-  of 
perty  in  the  particles  of  bodies,  fimilar  to  polarity  in 
magnetifm.  And  indeed  it  feems  reafonable  to  infer, 
that  two  compounded  particles,  coming  together  by 
attraction,  undifturbed  by  any  other  caufe,  fliould  dif- 
pofe  themfelves  fo  as  to  apply  (uch  fides  of  each 
together,  as  are  occupied  by  principles  the  molt 
attractive  of  each  other. 
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OF  THE  GENERAL  PRINCIPLES  OF 

BODIES. 


C H A P.  I. 


CONCERNING  THE  GENERAL  DIVISION  OP  CHEMICAL 

PRINCIPLES. 

^MONG  the  various  divifions  or  arrangements  principle 
of  chemical  principles,  that  which  follows  their  OF  BODIES 
refpeftive  degrees  of  f.mplicity  mud  undoubtedly  prove 
the  moll  ufeful,  becaufe  the  more  compounded  bodies 
will  eafily  alTurne  a regular  order  when  their  refpeftive 
principles  are  known  and  properly  clafled.  There  is 
however  a limit  in  the  advantages  that  may  he  derived 
even  from  this  method  of  divifidri.  The  more  we 
fucceed  m Amplifying  the  principles  of  bodies,  the 
more  difficult  it  is  to  determine  truly  what  palTes  in 

^ 2 chemical 
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chemical  operations  j becaufe  thefe  principles,  when 
in  their  moll  diflinct  (late,  have  the  aerial  form,  and 
cannot  therefore  be  managed  or  weighed  without 
confiderable  difficulty.  From  this  caufe  it  is  that,  while 
we  have  no  difputes  concerning  the  changes  of  combi- 
nation in  gVoffcr  and  lefs  fimple  fubftances,  the  molt 
eminent  chemifts  often  differ  in  their  opinions  concern- 
ing the  tranfitions  of  firft  principles  from  one  combi- 
nation to  another ; and  are  not.  agreed  concerning 
the  exiftencc  of  fome  of  them.  The  peculiar  proper- 
ties of  bodies  may  be  changed,  either  by  the  addition  or 
fubtradlion  of  fome  of  their  component  parts  •,  and  it  is 
eafy  to  form  a notion  that  fuch  a change  may  alfo 
happen  by  a mere  alteration  in  the  difpofition  or  relative 
arrangements  of  their  parts,  without  any  change  in 
their  quantities.  To  determine  which  of  thefe  events 
takes  place,  when  we  behold  only  the  confequent 
change,  is  fometimes  impradHcable,  for  want  of  a fufh- 
cient  number  of  fa£ts  ; and  in  moil  cafes  the  complete 
Inveftigation  requires  the  unprejudiced  and  patient  ex- 
ertion of  all  the  powers  of  the  mind.  It  will  be 
proper  therefore,  in  an  elementary  arrangement,  to  fix 
our  attention  chiefly  on  the  moll  palpable  component 
parts  of  bodies,  which  are  fufficiently  fimple ; and 
where  they  are  not  the  fimpleft,  to  fpeak  of  their  prin- 
ciples in  the  analytical  method. 

The  component  parts  of  bodies  are  either, 

1 . Principles  whofc  exiftence  is  doubtful : thefe  are 
heat,  light,  and  phlogifton. 

2.  Principles  which  have  not  been  exhibited  in  a 
folid  or  fluid  flate,  or  diffolved  in  water,  in  any  notable 

proportion ; 
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proportion:  thefe  are  vital  air,  phlogifticated  an,  and  principles 

; „ , , . OF  BODIES. 

ififlammabre  air. 


3- 

4- 

5- 


7* 

8. 


Water.  Enumeration. 

Earths. 

Alkalis.  „ 

<5.  Acids. 

Metals. 

Mineral  combitftibles. 

9.  Parts  of  organized  fubftances,  whether  obtained 
by  mechanical  prefliire,  by  fimple  folution  in  water 
or  ardent  fpirit,  by  a gentle  or  a ftrong  heat,  by  the 
action  of  folvents,  or  by  fpontaneous  decompofition. 

The  only  general  divifion  of  bodies  at  prefent  refer-  Animal,  vageta- 
red  to  in  the  writings  of  modern  chemills,  is  that  by  khigdoms?'^^1 
which  they  are  clafled  into  three  kingdoms,  called  the 
animal,  vegetable,  and  mineral  kingdoms.  The  kind 
of  bodies  arranged  in  the  two  firft  kingdoms  is  obvious 
from  the  terms ; and  all  other  bodies  are  confidered  as 
I belonging  to  the  mineral  kingdom. 

Alkalis,  acids,  and  fuch  compounds  as  they  enter  Salts, 
into,  are  diftinguifhed  generally  by  the  name  of  falts. 

The  leading  character  of  falts  is  a ftrong  tendency  to 
combination,  there  being  no  bodies  in  nature  whi.ch 
are  not  a£led  upon  by  fome  faline  fubftance.  This 
tendency  appears  in  their  eminent  degree  of  folubility 
in  water.  All  bodies  known  only  by  the  name  of  falts, 
are  foluble  in  lefs  than  two  hundred  times  their  weight 
of  boiling  water.  The  fame  caufe  produces  their 
fapidity,  or  tafte,  which  was  regarded  b^  the  earlier 
| chemifts  as  a diftinctive  chara£ter  of  falts. 

Metals  arc  fometimes  claffed  with  combuftible  bo- 
dies ; and,  ftricUy  fpeaking,  they  are  combuftible.  But 
‘ G 7 a s 
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Metals. 


as  none  of  them  poflefs  this  property  in  fuch  a degree 
as  to  burn  away  in  the  common  air,  without  the  co- 
operation of  other  inflammable  bodies,  which  are 
neceflary  to  maintain  their  high  temperature-,  and 
as  they  poflefs  other  remarkable  properties  peculiar 
to  themfelves — they  require  to  be  placed  in  a feparate 
clafs. 
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CHAP.  II. 

\ 

CONCERNING  HEAT,  LIGHT,  AND  PHLOGISTON,  CON- 
SIDERED AS  COMPONENT  PARTS  OF  BODIES. 

IT  has  already  been  Hated,  that  the  exiftence  of  heat,  doubtful 
as  a peculiar  fubllance,  is  not  proved  ; and,  among  principles. 
philofophers  of  the  firft  eminence,  there  are  feveral  who  Heati 
think  the  opinion  that  it  is  a mere  modification,  is  the  rase  6-  zx- 
moll  probable.  With  regard  to  light,  the  opinions  of 
the  world  are  lefs  divided.  It  is  generally  taken  for  Light, 
granted  that  light  is  a fubftance,  or  an  emanation  of  / 
particles  of  prodigious  minutenefs,  which  are  projected 
in  right  lines,  with  extreme  velocity,  from  luminous 
bodies ; and  that  they  are  repelled  from  all  bodies  at 
certain  diltances,  and  at  lefs  diflances  attradled,  fo  as 
to  produce  all  the  effedls  of  refledlion,  refradtion,  and 
infledtion,  in  the  rays  they  compofe.  Thefe  particles  Newton’sCtytics, 
are  fuppofed  to  be  either  of  various  magnitudes,  or fub  line' 
differently  adled  on  by  other  bodies,  and  from  that 
caufe  to  be  feparable  from  each  other  ; in  which  fepa- 
rate  {fate  they  affedt  the  organ  of  fight  with  the  fenfa- 
tion  of  various  colours. 

Many  philofophical  writers  have  confidered  it  as  an  Subtle  fluid, 
axiom,  that  a body  cannot  adf  where  it  is  not*.;  and 

have 

It  may  be  obferved  that  this  pofition  is  very  doubtful.  All 
our  knowledge  is  derived  from  an  obfervation  of  the  aft  ions 
v nich  rake  place  between  bodies.  Now  we  never  fee  bodies  aft: 

. G 4 where 
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HEAT,  LIGHT,  AND 


SS 


DOUBTFUL 

PRINCIPLES 


Light. 


Burning  lens, 
®r  mirror. 


have  thence  inferred,  that  the  univerfe  is  occupied  hy  a 
* fubtle  fluid,  whofe  action  caufes  bodies  to  approach  and 
recede  from  each  other  in  the  phenomena  of  attra£f  ion 
and  repulfion.  Light  is  confidered  by  fome  authors  * 
as  a modification  of  this  fluid,  in  the  fame  manner  as 
found  is  admitted  to  confifl:  in  an  undulatory  motion  of 
the  air,  communicated  from  fonorous  bodies.  We 
ihall  not  here  examine  the  merits  of  this  queftion, 
but  Ihall  only  obferve,  that  no  decifive  experiments 
have  yet  been  offered  in  fupport  of  either  opinion. 

When  a great  number  of  rays  of  light  are  made* 
either  by  a burning  glafs  or  concave  fpeculum,  to  pafs 
through  a fmall  fpace,  they  excite  a molt  powerful  heat 
in  bodies  placed  in  the  focus.  The  ftrongefl  heat  yet 
known  is  of  this  kind.  The  heat  produced  in  bodies 
by  the  adfion  of  light,  is  in  general  greater,  the  more 
light  is  caufed  to  difnppear.  Bodies  which  either  tranf- 
mit  or  refleft  the  light  in  large  quantities,  are  very  little 
heated  by  the  focus  of  a burning  apparatus.  Similar 
coatings  of  black  paint,  the  one  upon  a plate  of  iron, 
and  the  other  upon  a plate  of  pafteboard,  being  expofed 
in  circumffances  perfeftly  fimilar  to  the  fun’s  rays,  the 
heat  produced  was  greater  in  the  iron,  though  the  mafs 


where  they  are,  but  always  where  they  are  not.  In  attraction  and 
repulfion  this  is  evident;  and  in  impulfe,  there  are  the  beft  rea-  [ 
Ions  to  conclude  that  the  impelling  body  approaches  within  a 
certain  diftance-of  the  impelled  body,  and  then  aCts  by  its  repul- 
five  force  without  contact.  Even  the  particles  of  bodies  do  not 
touch ; for,  if  they  did,  how  could  a diminution  of  temperature 
bring  them  nearer  together  ? Of  the  penetrability  of  matter  wc 
seed  not  fpeak  in  this  place. 

* Of  thefe  the  great  Euler  ftands  firft.  See  his  Letters  to  a 
German  Prineefs. 
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of  this  laft  was  near  ten  times  that  of  the  pafteboard*.  doubtful 

It  has  been  often  afferted,  that  heat  and  light  are  the  t j 

fame  thing.  But  the  light  of  a fire  will  pafs  through  a Light  and  heat 

differ, 

pane  of  glafs,  and  the  heat  will  remain  behind,  as  is  moft 
evidently  {hewn  by  interpofing  the  glafs  between  the 
five  ai>d  a concave  metallic  mirror  f . The  focus  of  the 
mirror,  though  as  luminous  as  before,  will  produce  no 
heat.  A bright  table-fpoon  may  beaded  where  a mirror 
is  not  at  hand.  The  prefence  of  light  has  a confiderable 
effed  upon  the  procefs  of  cryftallization ; and  in  many 
iuftances  it  produces  a change  in  bodies  of  an  oppofite 
nature  to  that  which  they  fuffer  from  combuftion. 


During  the  combuftion  of  inflammable  bodies,  we  Phlogiftoa. 
perceive  a continual  efcape  of  volatile  matter;  and  as 
the  fixed  refidue  is  ufually  found  to  be  much  lefs  than 
the  original  weight  of  the  body  which  has  been  burned, 
it  was  natural  for  the  earlier  chemifts,  who  were  unac- 
quainted with  the  nature  and  quantity  of  the  volatile 
products,  to  infer  that  combuftion  confifted  in  the  efcape 
of  fome  principle  which  inflammable  bodies  poflefled, 
but  which  was  wanting  in  fuch  as  could  not  be  burned. 

This  dodrine  has  been  occafionally  modified  till  our 

time  ; and  the  experiments  made  by  expofing  to  heat  a 

metal  that  had  been  burned,  together  with  another 

more  inflammable  body,  in  a doled  veiTel,  in  which 

the  latter  was  confumed,  while  the  former  recovered  its  < 

inflammability,  were,  till  lately,  received  as  undoubted 

proofs  that  the  principle  of  inflammability  or  phlogifton 

* Dr.  George  Fondycc,  in  Phil.  Tranf.  Vol.  LXXVII.  p.  313. 
t icheclc  Air  and  Fire,  p.  70.  Englilh  tranflation. 

had 
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doubtful  had  pafled  from  the  one  body  to  the  other.  It  was 
rRiNciPLi  jn(jeecj!  urged  as  an  objection,  that  metallic  bodies,  fo 

Phlogifton.  far  from  lofing  weight  by  calcination,  do  really  become 
heavier : and  later  experiments  fhewed  that  this  increafe 
of  weight  was  gained  from  the  air  •,  the  abfolute  necef- 
fity  of  whofe  prefence  in  combuftion  had  been  formerly 
either  overlooked,  or  flightly  regarded.  But  this  was 
explained  from  the  doctrine  of  affinity,  by  the  fuppofi- 
tion  that  the  pure  air  of  the  atmofphere,  combining 
with  the  bafe  of  the  combuftible  body,  fet  its  phlogifton, 
or  fire,  at  liberty.  The  modern  dodtrine  of  heat  how- 
Pagc  33*  ever  appears  to  (hew,  that  the  increafe  of  temperature 
arifes  from  the  air,  and  not  from  the  combuftible  body; 
and  this  confideration  has  led  feveral  eminent  French 
chemifts  to  rejedl  phlogifton  altogether*,  and  to  confi- 
der  the  procefs  of  combuftion  as  nothing  elfe  but  the 
atft  of  combination  of  vital  air  with  the  combuftible 
body ; the  matter  of  heat,  which  according  to  them 
is  combined  with  the  air,  being  fet  at  liberty. 

Among  the  chemifts  who  maintained  the  old  opi- 
nion it  became  therefore  an  objedt  of  enquiry,  whe- 
ther the  air  abforbed  in  combuftion  really  either 
expels,  or  combines  with,  any  principle  common  to  all 
inflammable  bodies.  For  if  this  fhould  be  refolved  in 
the  affirmative,  the  fubftance  found  would  be  the 


* This  doctrine  may  be  feen  difplayed  at  length  in  the  notes 
annexed  to  Kirwan’s  Eflay  on  Phlogifton,  fecond  edition.  M. 
Lavoificr  is  the  firft  of  the  chemifts  who  explained  and  illuftrated 
the  new  do&rinc  by  a fet  of  accurate  experiments,  and  a judicious 
arrangement  of  the  known  facts;  but  M.  Baycn  may  be  confidered 
as  the  firft  modern  who,  upon  rational  grounds,  rejefted  the  phlo- 
gifton.  The  excellent  John  Mayow  is  the  father  of  this  doftrine. 

7 prin- 


OR  THE  PHLOGISTON. 


principle  of  inflammability  or  phlogifton.  The  evident  doubtful 
way  to  determine  this  mull  be,  to  heat  combuftible  rR1Ni*i’Lt-h- 
bodies  in  clofed  veffels.  The  molt  predominant  vola-  Phlogifton. 
tile  product  is,  in  thefe  cafes,  found  to  be  a very  light 
aerial  matter,  which  is  very  inflammable  when  com- 
mon air  is  prefent  *,  and  is  known  by  the  name  of  in- 
flammable air.  Mr-  Kirwan  firft  announced  this  as 
the  phlogifton. 

The  great  queftion  now  is,  whether  inflammable  Queftion. 
air  be  contained  in  all  combuftible  bodies,  fince  they 
do  not  all  emit  it  by  mere  heat  *,  and  it  is  evident  that, 
if  combuftion  can  be  effected  without  it  in  any  one 
inftance,  it  cannot  be  the  indifpenfable  and  univerfal 
principle  of  inflammability.  Its  exiltence  is  denied  in 
fulphur,  phofphorus,  charcoal,  metals,  and  fome  other 
fubftances.  It  may  however  be  obtained  by  heating 
thefe,  if  water  be  prefent : whether  it  is  afforded  by 
the  fubflance  under  examination,  or  by  the  water,  is 
therefore  the  fubjeft  of  controverfy. 

We  may  refume  this  fubjedt  as  we  advance ; but 
enough  has  been  faid  in  this  chapter  to  fhew  the  learner 
that  the  exiftence  of  heat,  light,  and  phlogifton,  as 
chemical  principles  of  bodies,  is  not  yet  incontroverti- 
bly  eftablifhed. 
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OF  phlogisticated,  dephlogisticated  or  vital, 

AND  INFLAMMABLE  AIR,  AND  OF  THE 
COMPOSITION  AND  GENERAL  PRO- 
PERTIES OF  WATER. 


COMBUS- 

TION. 


Page  50. 


Effe&s  of  com- 
burtion  on  com- 
mon air. 


OVervations. 


WHENEVER  combuftion,  or  an  equivalent 
procefs,  is  carried  on  in  a veffcl  containing 
atmofpherical  air,  which  is  inclofed  either  by  inverting 
the  veffel  over  mercury,  or  by  flopping  its  aperture 

! 

in  a proper  manner,  it  is  found  that  the  procefs 
ceafes  after  a certain  time ; and  that  the  remain- 
ing air,  which  is  about  three-fourths  of  the  whole 
bulk,  is  of  fuch  a nature,  as  to  be  incapable  of  main- 
taining combuftion,  or  fupporting  the  life  of  animals* 
From  this  experiment  it  is  clear  that  one  of  the  fol- 
lowing deduftions  muft  be  true  : 1.  The  combuftible 
body  has  emitted  fome  principle  which,  by  combining 
with  the  air,  has  rendered  it  unfit  for  the  purpofe  of 
combuftion : Or,  2.  It  has  abforbed  part  of  the  air, 
which  was  fit  for  that  purpofe,  and  has  left  a refidue 
which  is  of  a different  nature  : Or,  3.  Both  events  have 
happened ; namely,  that  the  pure  part  of  the  air  has 
been  abforbed,  and  a principle  has  been  emitted  which 
has  changed  the  original  properties  of  the  remainder. 

The  facts  muft  clear  up  thefe  theories.  The  firfl 
cannot  be  altogether  true,  becaufe  the  refidual  air  is 
not  only  of  lefs  bulk,  but  of  lefs  fpecific  gravity,  and 
the  burned  body  is  heavier  than  before.  The  air 

cannot 
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cannot  therefore  have  received  fo  much  as  it  has  loft,  combus- 

The  fecond  is  the  do&rine  of  the  philofophers  who 

deny  the  exiftence  of  phlogifton,  or  a principle  of  in-  Opinions. 

flammability.  And  the  third  muft  be  adopted  by  thofe 

who  maintain  that  fuch  a principle  efcapes  from  bodies 

during  combuftkm.  This  refidue  was  called  phlor 

gifticated  air,  in  confequence  of  fuch  an  opinion. 

In  the  opinion  that  inflammable  air  is  the  phlogifton,  PhlogilW 
it  is  not  neceflary  to  rejedf  the  fecond  deduction.  For 
the  pure  or  vital  pgrt  of  the  air  may  unite  with  inflam- 
mable air,  fuppofed  to  be  in  a fixed  ftate  in  the  com- 
buftible  body ; and  if  the  produdt  of  this  union  remain 
fixed,  it  is  plain  that  the  refidue  of  the  air  after  com- 
buftion  will  be  the  fame  as  it  would  have  been  if  the 
vital  part  had  been  abforbed  by  any  other  fixed  body. 

Or  if  the  vital  air  be  abforbed  while  the  inflammable 
air  is  difengaged,  ^nd  unites  with  the  aerial  refidue, 
this  refidue  will  not  be  heavier  than  before,  unlefs  the 
inflammable  air  it  has  gained  exceeds  in  weight  the 
vital  air  it  has  loft. 

It  is  rendered  more  probable  that  the  air  of  the  at-  Composition  of 
mofphere  confifts  of  a mixture  of  a vital  and  a noxious  laL 
part,  by  the  fact,  that,  when  fixed  bodies  have  been 
burned  or  calcined  ^for  example,  mercury  converted 
into  precipitate  per  fe),  the  vital  air  may  be  again  ex- 
tricated from  fome  of  them.  This  is  found  to  maintain 

* 

combuftion  in  the  moft  effectual  manner,  and  is  abnoft; 
totally  abforbed  in  that  procefs,  inftead  of  leaving  a 
refidue  fuppofed  to  be  changed  by  phlogiftication. 

And,  on  the  other  hand,  there  is  no  unequivocal 
proof  that  vital  air  can  be  obtained  from  the  phlogifti- 
Cated  part  by  any  operation  whatever. 


Vital 
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vital  air.  Vital  air  may  be  obtained  by  heat  from  nitre,  from 
v alum,  from  mercury  calcined  without  addition,  and  ufu- 
afford  vital  air.  ally  called  precipitate  per  fej  from  red  precipitate,  from 
minium,  from  manganefe,  and  from  lapis  calaminaris. 
Mod  nitrous  and  vitriolic  falts  afford  it  by  heat.  It  is 
contained  in  the  bladders  of  fea-weed,  and  in  waters. 
The  green  vegetable  matter  formed  in  water  emits  it 
when  expofed  to  the  fun’s  light ; and  it  is  found  in 
general  that  the  leaves  of  plants,  in  like  circum- 
ftances,  emit  vital  air.  Whence  it  appears  that  there 
are  abundant  provifions  for  redoring  the  purity  of  the 
air,  which  is  continually  injured  by  combudion,  re- 
fpiration,  fermentation,  and  other  proceffes. 

Refpivation  i?  a The  refpiration  of  animals  produces  the  fame  effect 
fame  kind  asT  on  a^r  as  combudion  does  ; and  their  condant  heat 
combuftion.  appears  to  be  an  effedt  of  the  fame  nature.  Whey.  an 

animal  is  included  in  a limited  quantity  of  atmofphe- 
rical  air,  it  dies  as  foon  as  the  air  is  vitiated.  Vital  air, 
in  like  circumdances,  maintains  the  life  of  animals 
much  longer  than  common  air. 

Vegetables  affett  Vegetables  do  not  thrive  in  vital  air.  Thefe  ap- 
the  a'r*  i • , , _ , . 

pear  to  render  common  air  purer,  by  abforbing  its 
plilogidicated  or  noxious  part.  They  emit  vital  air 
when  the  fun  fhines  on  them.  This  is  fuppofed  to 
arife  from  the  decompofition  of  water. 

Nitrous  air  ufed  Several  of  the  metals,  and  other  combudible  fub- 

2 tcfl 

dances,  when  diffolved  in  fpirit  of  nitre,  afford  or  ex- 
tricate, by  an  effervefcence,  a kind  of  air  called  nitrous 
air,  of  which  we  fhall  more  particularly  fpeak  in  its 
place.  Mercury  is  one  of  thefe  metals.  If  this  air 
be  mixed  with  any  other  air  in  which  vital  air  is  con- 
tained, it  unites  with  this  lad,  and  forms  red  fumes, 

which 
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which  fall  down,  and  are  found  to  confift  of  nitrous  inflamma- 
acid.  The  air  itfelf  is  diminifhed  in  bulk  by  the  lofs ; t , 

and  hence  the  nitrous  air  becomes  a teft  of  the  good-^ 
nefs  of  refpirable  air.  For  the  diminution  is  greater 
the  greater  the  quantity  of  vital  air. 

All  animal  or  vegetable  fubllances  which  can  be  Subftances 

° < which  aftord  in- 

burned  in  the  open  air,  charcoal  excepted,  will  afford  flammable  air. 
inflammable  air,  if  heated  in  clofed  veflels.  This  is 
ufually  mixed  with  air  of  other  kinds,  and  with 
oleaginous  matter.  Charcoal  and  feveral  metals  afford 
inflammable  air  by  heat,  if  water  be  prefent.  Some 
metallic  fubflances,  during  their  folution  in  acids, 
afford  or  extricate  inflammable  air,  which  is  of  the 
pureft  kind.  This  fluid  is  very  light,  according  to 
its  purity.  It  is  ufually  about  ten  times  as  light  as  an 
equal  bulk  of  common  air ; but  it  is  faid  to  have 
been  obtained  feventeen  times  lighter  *.  The  common 
procefs  for  obtaining  it  is,  to  diffolve  iron  filings  or 
(havings  in  diluted  vitriolic  acid. 

If  a mixture  of  about  two  parts,  by  meafure,  of  Water  produced 

, . . by  combuftion  of 

inflammable  air,  with  one  of  vital  air,  be  fet  on  fire,  vital  and  inflam- 
in  a flrong  clofed  velfel,  which  may  be  done  by  the  mable  air' 
electric  fpark,  the  airs,  if  pure,  will  almoft  totally 
difappear,  and  the  product  will  be  water  and  an  acid, 
fill  lately,  the  produce  was  thought  to  be  mere 

I water;  and  feveral  eminent  chemifts  at  Paris  have 
ftrongly  infilled  that  it  was  equal  in  weight  to  the 
two  airs  made  ufe  of.  This  agreement  however 
has  never  been  proved  -f- ; and,  as  every  kind  of  air 

ufually 

By  Morvcau.  See  the  Aeroftat  dc  Dijon, 
f ^ ^cn  we  confider  the  great  bulk  and  fmall  weight  of  air, 

| the  magnitude  of  the  apparatus,  and  the  impcrfe&ion  of  the  beft 

balances, 
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WATER. 


Whether  water 
be  a compound. 


The  extenfive 
utility  of  water : 


— ifc  general 
properties. 


Page  iS. 


ufually  holds  a large  proportion  of  water  in  folution, 
from  which  the  aqueous  product  might  be  derived,  it 
(till  remains  a problem  to  be  decided,  whether  water, 
with  refpedt  to  the  prefent  (late  of  our  knowledge,  be 
a Ample  or  a compound  fubftance.  For  the  water 
may  either  be  formed  by  the  union  of  the  two  airs, 
or  the  real  airs  may  be  totally  employed  in  forming  the 
acid,  while  the  water  is  (imply  condenfed  upon  their 
lofing  the  aerial  form. 

Water  is  a fubftance  which  enters  into  fo  many  ope- 
rations of' nature  and  art,  that  a full  defeription  of  its 

• 

properties  would  include  moft  of  the  properties  of  other 
bodies.  Its  weight  is  ufed  as  the  meafure  of  fpecific 
gravity  •,  its  capacity  for  heat  is  aflumed  as  the  ftandard 
of  comparifon  for  other  bodies  j its  temperature  at  the 
changes  from  folidity  to  fluidity  and  to  the  elaftic  date, 
are  taken  as  the  fixed  points  for  thermometers  and, 
in  a word,  the  folubility  of  bodies  denotes,  in  general, 
tire  adtion  which  this  fubftance  exerts  upon  them. 

Water  being  ufually  met  with  in  thefe.  climates  in 
the  fluid  ftate,  its  properties  are  in  moft  cafes  treated 
of  under  that  form.  If  it  be  heated  it  gradually  ex- 
pands, and  is  converted  into  vapour  at  21 2°  of  Fahren- 
heit, with  fuch  rapidity  as  to  counteradl  the  effedf  of 
heat  in  railing  its  temperature.  In  a ftrong  clofed 
metallic  veflel  it  may  be  heated  nearly  red  hot,  and  in 


balances,  none  of  which  in  practice  weigh  beyond  five  places  of 
figures  (p.  67 — 69 ),  we  lhall  find  fufficient  reafons  to  queftion  the 
accuracy  of  conclufions,  which  fuppoie  the  quantities  of  air  and 
water  to  be  rigoroufiy  afeertained.  Thefe  reafons  arc  ftiil  more 
enforced  by  the  confideration,  that  the  experiments  of  Dr.  Prieltley 
and  M.  Lavoifier  do  not  agree. 
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this  (late  its  folvent  powers  are  greatly  increafed.  If  the  water. 
vefiel  be  opened,  fleam  fuddenly  rufhes  out,  and  the  ' v J 
temperature  of  the  fluid  falls  inflantly  to  21 2°.  When  General  proper- 

r . ..  ..  1 . 0 r ties  of  water, 

water  is  cooled,  it  gradually  contracts  till  within  8 of 
freezing,  and  then  expands  till  it  freezes.  The  parts 
of  the  water  which  firfl  become  folidby  freezing,  havd 
the  form  of  fword-blades,  eroding  each  other  at  angles 
of  60  degrees.  It  will  flioot  out  into  this  form  in  the 
open  air,  as  may  be  feen  ill  fnow  or  hoar  frofl  upon  trees. 

Ice  is  confiderably  lighter  than  water,  and  therefore  fee, 
floats  upon  it.  The  expanfion  of  ice  at  the  time  of 
its  formation  is  * made  with  fuch  force  as  to  burfl  the 
flrongeft  metallic  veflels : and  the  expanfion  of  fleam 
is  prodigioufly  great.  This  laft  power,  being  very 
manageable,  by  transferring  greater  or  lefs  quantities  of 
• fleam  into  the  veflels  of  apparatus,  or  by  condenfing 
it,  has  been  applied  to  the  mofl  important  mechanical 
. ufes  in  the  fleam  enginfe,  and  will  doubtlefs  be  applied 
. to  many  more. 

When  water  is  included  in  a metallic  globe  or  vefiel,  EfTe£U  of  the 
c called  the  eolipile,  which  has  only  a very  fmall  aperture,  eollpllt:‘ 
j •.  and  it  is  then  made  to-  boil,  the  fleam  iflues  out  very 
< violently,  and  will  flrongly  urge  a fire  in  the  fame 
manner  as  bellows.  This  has  been  thought  to  prove  a 
decompofition  of  the  water.  But  it  is  not  the  fleam 
which  excites  the  fire,  but  the  air  it  drives  before  it. 

Tor  an  eolopile  will  not  produce  this,  but  the  contrary 
effecl,  unlefs  a body  of  air  be  interpofed  between  its 
iperture  and  the  fire  *. 

.The  denfity  of  water  -j-  is  fuch  that  a cubic  foot  DenCtyof  water. 

Lewis’s  Philofophical  Commerce  of  Arts,  p.  21. 

i This  was  found  by  Cotes,  who  fays  it  is  very  nearly  fo. 

1 ,ec  b‘s  Hydroftatical  Lectures,  p.  76,  fecund  edition. 
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Weighs  iooo  ounces  avoirdupois  weight.  This  fortui 
nate  concurrence  of  unity  of  meafure  with  a roun 
number  in  the  weight,  renders  the  common  tables  cj' 
fpecific  gravities  very  ufeful  in  computations.  To- 
the  numbers  will  denote  the  avoirdupois  ounces  in 
cubic  foot  of  each  fubftance,  provided  the  fpecifj; 
gravity  of  water  be  taken  to  be  iooo. 

The  pureft  comtnon  watery  are  the  lighted,  art  I 
lather  well  with  foap.  For  chemical  purpofes,  watft 
fhould  be  boiled  on  a common  fire  for  a fhort  time,  : 
diflipate  any  volatile  animal  or  vegetable  impregnatiqr: 
it  may  pofiefs,  and  afterwards  diftillecl  to  about  oi< 
half.  The  water  which  comes  over  is  very  pure,  am 
the  accurate  chemiil  firould  ufe  no  other.  On  accoujt 
of  the  extenfive  ufe  and  importance  of  diftilled  watft: 
it  is  advifable  not  to  perform  this  operation  but  wiM 
veflels  kept  for  that  and  no  other  purpofe. 
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CHAP.  IV; 


OF  THE  SIMPLE  OR  PRIMITIVE  EARTHS; 


CHEMISTS  diftinguifh  fuch  fubftances  by  the  earths. 

name  of  pure  earth,  as  are  brittle,  incombuftible,  V v J 
Infufible  by  the  heat  of  furnaces,  not  foluble  in  feveral 
hundred  times  their  weight  of  water,  and  deftitute  of 
metallic  fplendour.  There  are  few  earthy  fubftances 
which  may  not  be  reduced  by  analyfis  to  one  of  the  Five  primitive 
five  following  primitive  earths  : — the  filiceous,  argilla-  ealths' 

:eous,  calcareous,  ponderous,  and  magnefian  earths  ; 

'A  otherwife,  taken  fubftantively,  they  are  called  filex, 
day,  lime,  barytes,  and  magnefia. 

The  adamantine  fpar,  the  jargon  of  Ceylon,  and  a New  earths, 
nineral  fubftance  from  New  South  Wales,  have  afford- 
:d  earthy  fubftances  which,  as  far  as  experiments  have 
ret  determined,  are  different  from  any  of  thefe  five. 

3ut  they  will  not  materially  affedt  the  general  arrange- 
nent  of  chemiftry,  until  future  refearches  (hall  have 
■roved  that  they  are  more  abundantly  found  than  at 
refent  we  have  reafon  to  fufpedt. 

In  fome  fyftems  a diftindtion  is  made  between  earths  stone*, 
nd  (tones  •,  but  this  is  of  no  utility  in  the  enquiry  fe* 
meeting  their  component  parts  and  properties.  A 
one  is  nothing  more  than  a hard  earthy  rrlafs,  and 
n earth  in  powder  is  an  aggregate  of  very  minute 
ones. 

Siliceous  earth  abounds  in  all  natural  bodies  which  Siliceous  earth. 
:e  hard  enough  to  itrike  fire  with  fteel.  Of  thefe, 
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Liquor  of  flints. 


Pure  filiceous 
earth. 


rock  crydal,  quartz,  flint,  gritdone,  jafper,  and  mod 
of  the  precious  dones  or  gems,  are  the  chief  fpecimens. 
Like  all  other  Ample  fubdances,  it  is  never  found  pure 
in  nature.  The  leading  or  principal  chara£ter  of  this 
earth  is}  that  it  is  not  perceptibly  abied  upon  by  any 
acid  but  that  of  fluor  fpar.  Alkalis  diflolve  it  in  the 
mold  as  well  as  in  the  dry  way,  but  mod  efficacioufly 
and  in  all  proportions  in  the  latter.  Hence  the  method 
of  obtaining  filiceous  earth  in  a date  of  purity  confifls 
in  difl'olving  crydal  or  quartz  in  a large  proportion  of 
fixed  alkali  in  drong  fufion  : for  example,  four  parts  by 
weight  of  the  fait  to  one  of  the  earth.  This  combi- 
nation will  unite  with  water,  in  which  it  mud  be  dif- 
folved.  The  folution  is  ufually  called  'liquor  of  flints. 
An  excefs  of  acid  being  added,  frill  combine  with  the 
alkali,  and  fuch  other  earths  as  may  have  exided  in  the 
natural  fpecimen  •,  and  the  pure  filiceous  earth,  being 
infoluble  in  water,  will  fall  to  the  bottom.  Repeated 
wafliing  in  diddled  water  ■frill  feparate  all  the  extra-  |t 
neous  matter  from  thefe  particles,  which,  when  dried,  ji 
confid  of  filiceous  earth  uncombined  with  any  other 
fubftance. 

The  particles  of  filiceous  earth,  thus  obtained,  are  in 
a date  of  fuch  minute  divifion,  that  they  will  remain  8 
fufpended  for  a confiderable  time  in  water;  and  this 
fluid,  violently  heated  in  a drong  clofed  veflel,  will  dif-  ■ 
folve  a portion  ox  it.  Siliceous  earth  is  unalterable  in 
the  mod  violent  heats  chemidry  can  produce  in  a fur- 
nace. Rock  crydal,  which  is  the  pured  fpecimen  of 
this  earth,  of  which  it  contains  ninety-three  parts  in  the 
hundred,  has  been  fufed  by  flame  urged  upon  it  by  a . i 
dream  of  dephlogifticated  air  from  a blow-pipe.  With*  j 
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fixed  alkalis,  in  the  proportion  of  about  double  its  own  ^ earths.  * 
weight,  it  forms  glafs.  Calcined  metals,  efpecially  lead,  v 
alfo  diffolve  it,  and  form  glafs  by  fufion.  1 he  combi- 
nation of  this  earth  with  fluor  acid  is  very  fparingly 
foluble  in  water. 

I 

The  principal  natural  fpecimens  of  argillaceous  earth  Argillaceous 
are,  clays,  properly  fo  called,  marles,  boles,  Hates  or car 
fchidus,  and  mica.  In  none  of  thefe,  except  the  flag- 
done,  does  the  argillaceous  earth  amount  to  fo  much  as 
half  their  weight,  though  their  predominating  qualities 
appear  to  depend  upon  it.  The  mod  obvious  cha- 
racters of  this  earth  are,  an  adhefion  to  the  tongue,  or 
any  wet  and  foft  body,  in  the  more  folid  fpecimens;  and 
a remarkable  tenacity,  duddility,  or  kneadability  ferve  to 
didinguifh  moiftened  clays  in  a mod  eminent  degree. 

It  is  foluble  in  acids,  but  alkalis  add  much  lefs  upon  it, 

either  in  the  dry  or  moid  way,  than  they  do  on  filiceous 

earth.  Alum  is  a combination  of  argillaceous  earth  with  Earth  of  alum. 

vitriolic  acid.  If  the  concrete  volatile  alkali  be  added 

to  a folution  of  pure  alum,  the  alkali  and  acid  unite, 

while  the  clay  falls  to  the  bottom,  united  only  with  a 

fmall  quantity  of  fixed  air.  The  fluid  mud  be  abdradded 

by  decantation,  and  the  precipitate  walhed  with  dif- 

tilled  water,  and  dried, 

Clays  may  be  eafily  diffufed  and  fufpended  in  water,  Common  clays, 
but  are  not  foluble  in  any  fenfible  degree.  The  fud- 
den  application  of  drong  heat  hardens  their  external 
parts,  which  afterwards  burd  by  the  explofion  pf  the 
moidure  within.  By  a more  gradual  heat,  pure  clay 
contradds  very  much,  becomes  hard  and  full  of  cracks 
ar  nflurcs.  The  prefence  of  filiceous  earth  in  common 
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clays,  where  it  ufually  conftitutes  above  half  the  weight, 
renders  the  eontradlion  more  uniform  throughout,  and 
prevents  the  cracks,  probably  in  no  other  way  than  by 
rendering  them  more  numerous,  and  too  fmall  to  be 
perceived.  When  thus  baked,  it  conftitutes  all  the 
varieties  of  bricks,  pottery,  and  porcelain.  Thefe,  if 
baked  in  a ftrong  heat,  give  fire  with  fteel ; a property 
that  may  be  attributed  to  the  fdiceous  earth  they  con- 
tain, which  cannot  acft  on  the  fteel  unlefs  firmly  fet 
in  the  hardened  clay.  The  dimenfions  of  pottery  are 
lefs,  the  greater  the  heat  to  which  the  article  has  been 
fubjedted.  On  this  property  is  conftructed  a ther- 
mometer for  meafuring  the  heat  of  furnaces,  by  igniting 
a fmall  brick  of  known  dimenfions  therein,  and  after- 
wards meafuring  its  contradlion *.  Baked  clay  is  no 
longer  kneadable  with  water,  though  as  finely  pulve-: 
rized  as  mechanical  means  can  go.  Hence  it  has  been 
inferred  that  clays  owe  their  dudtility  to  a kind  of 
gluten  which  is  fuppofed  to  be  diflipated  by  heat. 
They  recover  that  property  however  by  folution  in  an 
acid  and  precipitation ; whence  it  fhould  feem  to  der 
pend  either  on  a minute  portion  of  acid  contained  in 
clays,  or  the  fmallnefs  of  the  particles  when  precipi- 
tated. - / 

Calcareous  earth,  or  lime,  predominates  in  molt 
ftones  which  are  foft  enough  to  be  fcratched  with  a 
knife.  Thefe  are  chalk,  limeftone,  marble,  fpars,  gyp-: 
fum,  or  plafter  ftone,  and  various  others.  As  the  lime 
is  moft  frequently  combined  with  fixed  air,  it  is  ufual 
for  mineralifts  to  drop  a fmall  quantity  of  nitrous  acid 

* See  Wedgwood  in  Phil.  Tranf.  VoL  LXXII,  and  JLXXIV. 
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upon  the  ftones  they  are  defirous  of  clafling  ; and  if  it  earths. 
froths  by  the  efcape  of  the  fixed  air,  they  conclude  that  v v ** 
lime  enters  into  the  compofition,  To  obtain  pure  cal-  Method  of  ob- 
careous  earth,  powdered  chalk  mull  be  repeatedly  tain'ng  11  p 1 
boiled  in  water,  which  will  deprive  it  of  the  faline 
impurities  it  frequently  contains.  It  muft  then  be 
dilfolved  in  diflilled  vinegar,  and  precipitated  by  the 
addition  of  concrete  volatile  alkali.  The  precipitate, 
when  well  wafhed  and  dried,  will  confift  of  lime 
united  to  fixed  air  ; the  latter  of  which  may  be  driven 
off  by  heat,  if  neceflary. 

If  chalk,  marble,  limeffone,  fpar,  or  any  other  fpeci-  Lime,  or  quick- 
mens  of  this  earth,  containing  fixed  air,  be  expofed  to  limc' 
continued  ignition,  they  give  out  fixed  air  and  wa- 
ter, to  the  amount  of  near  half  their  weight.  The 
remainder,  confiding  chiefly  of  lime,  has  a ftrong  ten- 
dency to  combination,  and  attradls  water  very  power- 
fully. The  addition  of  water  to  lime  produces  a very  slaked  lime, 
confiderable  heat,  attended  with  noife,  and  agitation 
of  the  parts,  which  break  afunder ; and  a phofphoric 
light  is  feen  if  the  experiment  be  made  in  the  dark. 

Lime  thus  faturated  with  water,  is  faid  to  be  flaked. 

Water  diflolves  about  one  feven  hundredth  part  of  its 
weight  of  lime,  and  is  then  called  lime-water.  This 
folution  has  an  acrid  taffe,  and  turns  fyrup  of  violets  to 
a green  colour,  If  lime-water  be  expofed  to  the  open 
air,  the  lime  attradls  fixed  air,  and  is  by  that  means 
converted  into  chalk ; which,  not  being  foluble  in  wa- 
, ter>  forms  a cruft  on  the  furface,  formerly  called  cream 
of  lime,  that,  when  of  a certain  thicknefs,  breaks  and 
falls  to  the  bottom  : and  in  this  way  the  whole  of  the 
lime  will  in  time  be  feparated. 
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Mortar. 


Gypfum,  or 
plaftcr  of  Paris. 


The  pafle  of  lime  and  water,  called  mortar,  has  a 
degree  of  adhefion  and  ductility,  though  much  lef§ 
than  clay.  "When  dry,  it  is  friable  like  chalk.  A mixT 
ture  of  fand,  or  broken  earthen  veffels,  greatly  inr 
creates  its  firmnefs,  which  it  feems  to  effect  by  ren- 
dering it  more  difficult  for  the  parts  to  be  removed 
with  refpedl  to  each  other.  When  mortar  is  left  to 
dry  by  the  gradual  evaporation  of  its  fup.erfluous  water, 
it  is  very  long  before  it  obtains  its  utmoft  degree  of 
firmnefs.  But  if  dry  quick-lime  be  mixed  with  mortar, 
it  gradually  abforbs  the  fuperfluous  water,  and  the 
mafs  becomes  folid  in  a very  fhort  time. 

Gypfum,  or  plafter  of  Paris,  confids  of  lime  united 
to  the  vitriolic  acid,  together  with  water.  If  this  fub- 
ftance  be  expofed  to  a moderate  heat,  part  of  the  water 
is  driven  off.  The  dry  powder  which  remains  may  be 
mixed  with  water  to  the  confidence  of  thin  pade,  and 
poured  into  a mould  ; and  foon  afterwards  it  fuddenly 
becomes  folid,  at  the  fame  time  that  it  is  a little  heated, 
and  its  bulk  fomewhat  increafed.  This  effedl  may 
be  explained  by  obferving  that  the  particles  of  the 
gypfum  are  at  fird  fimply  wetted  by  the  water,  in 
the  fame  manner  as  happens  with  clay;  and  for  that 
reafon  no  other  effedf  takes  place,  than  the  produ&ion 
of  an  imperfedl  degree  of  fluidity,  from  the  motion  of 
the  parts  among  each  other  being  facilitated : but 
when  the  water,  by  the  gradual  progrefs  of  the  a&ion 
between  it  and  the  dried  gypfum,  becomes  combined 
in  the  fame  manner  as  before  the  calcination,  it  is  ab- 
forbed,  and  enters  into  the  compofition  of  a folid  body  ; 
the  imperfedl  fluidity,  arifing  from  the  prefence  of  un- 
combined water,  difappears ; heat  is  developed,  and  the 

whole 
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.whole  mafs  takes  the  folid  form.  I he  ufe  of  this  ^ ear  ms.  ^ 
material  for  calling  Small  (latue$,  medallions,  and 
other  ornaments,  is  well  known. 

The  earth  which  enters  into  the  cpmpofition  of  the  Animal  earth, 
bones  of  animals  and  (hells  of  fi(h  is  calcareous.  In 
the  former  it  is  united  with  the  phofphoric  acid,  and 
in  the  latter  with  fixed  air. 


Ponderous  earth,  or  barytes,  is  not  found  very  abun-  Pondcrousearth. 
vlantly,  or  in  large  continued  maffes,  but  chiefly  in  the 
vicinity  of  mines,  or  veins  of  metal.  Its  lpecimens  are 
either  aerated  ponderous  (par,  which  has  been  found  Ponderous  fpar, 
at  Alilon  Moor,  in  Cumberland  *,  and  conliderably  °aii™uirT.0r 
refembles  alum,  but  is  of  a ftriated  texture  : or  vitri- 
olated  ponderous  earth,  either  in  the  form  of  a trans- 
parent fpar  or  an  opake  earth  *,  of  a white,  grey,  or 
fawn  colour  ; frequently  of  no  regular  figure,  but 
often  in  the  peculiar  figure  of  a number  of  Small  convex 
lenfes,  fet  edgwife  in  a ground.  The  opake  Specimens 
have  been  called  marmor  metallicum,  on  account  of 

• their  great  weight;  but  the  Englifh  miners  call  it  cawk. 

• Moll  Specimens  of  this  earth  are  above  four  times  the 
weight  of  an  equal  bulk  of  water,  which  conllitutes  an 
obvious  difference  between  this  and  calcareous  earth, 
which  is  little  more  than  twice  that  weight : they  are 

Analyfed  by  Dr.  Withering.  See  Phil.  Tranf.  Vol.  I.XXIV. 

Mr  Watt,  jun.  in  the  third  volume  of  the  Manchefter  Memoirs, 
gi^es  reafons  for  concluding  that  this  fpeciincn  came  from  the 
lead  mine  of  Anglczark,  near  Chorley,  in  Lancaihirc,  where  it  is 
Plentiful !y  found.  He  obferves  that  this  is  the  only  mine  in  Eng- 
land which  is  known  to  afford  it.  It  has  alfo  been  found  in  the 
opines  0;  Stontiun  and  Dunglafs,  near  Dumbarton,  in  Scotland. 

Scarcely, 
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To  obtain  pui  s 
ponderous  earth, 


Native  aerated 
ponderous  earth. 


This  earth  dif- 
fer* from  lime. 


Ponderous  earth 
frippofed  to  be 
metallic. 


fcarcely,  if  at  all,  foluble  in  water.  The  liver  Hone, 
or  lapis  hepaticus,  contains  about  one  third  part  of 
this  earth.  If  ponderous  fpar  be  fufed  with  about 
twice  its  weight  of  fixed  alkali,  its  acid  will  unite  with 
this  laft,  and  form  a fait,  which  may  be  walhed  off  by 
water,  the  ponderous  earth  remaining  behind  in  com- 
bination with  fixed  air.  This  may  be  deprived  of  its 
fixed  air  by  a ftrong  heat,  which  converts  it  into  a (late 
perfe£Uy  refembling  quick-lime  in  tafle,  and  exhibit- 
ing fimilar  phenomena  with  water. 

The  natural  aerated  ponderous  earth  differs  from 
that  produced  by  art,  in  the  circumftance  that  it  con- 
tains no  water  •,  and  to  this  it  feems  to  be  owing  that 
it  does  not  lofe  its  fixed  air  by  mere  heat. 

Though  this'earth  refembles  lime  in  feveral  refpe&s, 
yet  its  combinations  differ  from  thofe  of  the  latter, 
both  in  weight,  and  fo  many  other  refpefts,  as  evi- 
dently fhew  that  there  is  no  reafon  to  confider  them 
as  one  and  the  fame  fubftance.  It  is  combinable  with 
acids. 

From  feveral  properties  in  which  ponderous  earth 
has  been  obferved  to  refemble  metallic  fubftances,  it 
has  been  fufpefited  to  be  of  that  clafs : but  this  fufpi- 
cion  has  not  yet  been  verified  by  experiment. 


Masncfia.  Moft  of  the  native  fpecimens  of  magnefian  earth 

are  remarkable  for  a certain  foapy  or  greafy  feel.  Of 
thefe  the  mod;  common  are,  fteatites,  of  a greenifh  co- 
lour, and  foft  enough  to  be  feraped  with  the  nail ; foap 
rock ; lapis  ollaris,  or  Spanifli  chalk,  of  a yellow  or 
whitilh  colour,  but  rarely  black,  rather  harder  than 
fteatites,  and  fo  eafily  wrought  and  turned,  that  pots 

are 


MAGNESIA. 


107 


are  made  of  it.  Afbeftos,  amianthus,  and  the  Venetian  earths. 
and  Mufcovy  talc,  are  included  in  this  genus. 

The  combination  of  vitriolic  acid  and  magnefia  is  Epfom  fait, 
very  foluble  in  water,  in  which  it  remarkably  differs 
from  the  combinations  of  the  fame  acid  with  the  cal~ 
careous  or  ponderous  earths.  This  compound  is 
known  by  the  name  of  Epfom  fait,  and  is  found  in  fome 
waters ; but  is  moft  frequently  obtained,  for  com- 
mercial purpofes,  from  fea  water,  after  the  common 
fait  has  been  extracted  by  evaporation.  If  mild  vola-  Mild  magnefia. 
tile  alkali  be  added  to  a folution  of  Epfom  fait,  the 
alkali  unites  with  the  acid,  and  part  of  the  earth  falls 
to  the  bottom,  combined  with  fixed  air,  which,  when 
well  wafhed,  is  mild  magnefia. 

t 

Mild  magnefia  is  a light  impalpable  powder,  of  a Pure  magnefia. 
-white  colour  •,  and  forms  a pafle  with  water,  which  has 
not  much  cohefion.  Heat  drives  off  its  fixed  air,  and 
renders  it  fomewhat  hardier  to  the  feel ; but  not  cauftic, 
nor  foluble  in  water,  like  lime.  Its  tafte  is  very  flight 
in  either  ftate.  The  ftrongeft  heat  does  not  affedt  it, 
if  pure.  Acids  diffolve  it,  buf  alkalis  fcarcely  affect  it 
in  the  dry  way. 

As  the  various  compounds  of  bodies  ufually  poffefs  Union  of  earth? 
properties  very  different  from  thofe  of  their  principles,  by  hlllon‘ 
it  is  accordingly  found  that  the  earths,  though  infufible 
alone,  are  not  fo  when  mixed  together.  The  calcare- 
ous earth  is  found  to  be  the  folvent  of  other  earths, 
for  they  are  all  rendered  fuflble  by  a proper  proportion 
of  it.  And  thefe  compounds  of  two  earths  will  diff 
folve  dill  more.  So  that  though  one  hundred  parts 
of  lime  will  diffolve  very  little  filiceous  earth  •,  yet  a 
Compofition  of  one  hundred  of  lime  with  fifty  of 

magnefia,  ' 


io3 

EARTHS. 


Suppofed  reduc- 
tion of  the 
parties. 


The  new  earths. 


Charadfer*  of 
adamantine 
fpar ; 


ADAMANTINE  SPAR. 

magnefia,  will  clilTolve  one  hundred  of  filiceous  earth ; 
and  this  laft  compound  will  take  up  more  magnefia 
than  the  mere  calcareous  earth  could  have  done.  Any 
three  of  the  earths,  in  equal  parts,  will  vitrify  into  a 
perfeCt  glafs,  provided  calcareous  earth  be  one  among 
them. 

It  has  lately  been  aflerted,  upon  good  authority,  that 
the  argillaceous,  calcareous,  ponderous,  and  magnefian 
earths  were  reduced  to  the  metallic  ftate  by  ftrongly 
heating  them  with  charcoal*.  But  however  it  may  be 
probable  from  analogy  that  fuch  reductions  may  be 
within  the  limits  of  poffibility,  it  is  at  prefent  generally 
under  flood  that  the  metallic  matter  obtained  in  thefe 
experiments  confifted  of  iron  afforded  by  the  crucibles 
made  ufe  of. 

We  fhall  frequently  have  occalion  to  treat  of  the 
five  ancient  earths,  as  their  various  combinations  pre- 
fent themfelves  to  our  notice : but  the  three  lately 
difeovered  earthy  fubflances  not  having  been  fubjeCted 
to  experiments,  except  in  the  laboratories  of  the  difeo- 
verers,  will  not  again  come  under  difeuffion  in  the  pre- 
fent work.  On  this  account  therefore  it  will  be  proper 
to  fpeak  rather  more  fully  refpeCting  them  than  the 
preceding,  and  likewife  to  enter  more  minutely  into  the 
defeription  of  proceiTes  than  we  might  otherwife  do  in 
this  early  part  of  our  work. 

A Hone  has  been  within  a few  years  brought 
from  the  Eaft,  which  has  received  the  name  of  Ada- 
mantine Spar.  Two  varieties  are  known  f.  The  firft 
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f Extracts  from  the  Memoir  of  M-  Klaproth.  Aunalcs 
Cnimie,  i.  183. 
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comes  from  China-,  it  is  cryftallized  in  fix-fided  prifms,  ^ earths. 
without  pyramids,  varying  in  their  length  from  half  an  l_from 'china, 
inch  to  one  inch,  and  in  breadth  near  one  inch  ; its 
colour  is  grey,  of  different  {hades.  "Whole  pieces  aie 
opake,  but  thinner  fragments  are  tranfparent : its  tex- 
ture is  fparry,  and  it  breaks  with  a polilh.  The  fparry 
texture  produces  a flight  flriated  appearance  on  its  fur- 
face  : its  hardnefs  is  fo  great,  that  it  not  only  cuts  glafs 
like  a diamond,  but  it  marks  rock  cryftal,  and  other 
hard  hones  : its  fpecific  gravity  is  3.710,  and  in  fome 
fpecimens  as  high  as  4.180.  Small  grains  of  magnetic 
calx  of  iron  are  fometimes  diffeminated  through  this 
hone. 

The  fecond  variety  is  whiter,  more  decidedly  fpathofe  —from  Bombay, 
in  its  texture,  and  the  grains  of  calx  of  iron  are  fmaller, 
and  merely  adhere  to  its  furface.  It  is  called  corun- 
dum at  Bombay*.  At  Madras  it  is  known  by  the 
name  of  grinding  fpav. 

M.  Klaproth  attempted  the  analyfis  of  this  (lone  by  Analyfis  of  ada. 

• • _ . . . maatine  fpar.  - 

keeping  it  in  fufion  with  fifteen  times  its  weight  or 
cauhic  mineral  alkali  in  a filver  crucible  for  five  hours  ; 
then  adding  boiling  water,  filtering  and  faturating  the 
alkali  with  an  acid,  which  confeo^ently  threw  down 
that  portion  of  earth  which  had  combined  with  the 
alkali.  The  undecompofed  part  was  repeatedly  di- 
gefled  with  concentrated  boiling  acids*  The  {tone 
was  not  completely  decompofed  till  after  twelve  repe- 
titions of  this  procefs  •,  and  it  was  found  to  confift  of 
two  parts  clay,  and  one  of  an  earth  not  foluble  by  Peculiar  earth, 
fufion  in  alkalis,  nor  acted  upon  by  acids.  It  differs 

Various  fpecimens  have  been  found  in  France.  See  De 
Morveau  in- the  Amules  de  Chimie,  i.  iSJ. 
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therefore  from  filiceous  earth,  as  well  as  from  the  four 
other  foluble  earths. 

The  fame  chemifl  examined  the  jargon  of  Ceylon 
by  proceffes  nearly  fimilar*.  The  colour  of  this  (tone 
is  pale,  of  a yellowifh  green,  inclining  to  red  •,  form-  j 
ing  upon  the  whole  a kind  of  fmoky  grey  tinge.  Its 
regular  figure  is  that  of  a four-fided  prifm,  terminated  j 
by  two  obtufe  pyramids,  compofedeach  of  four  ifofceles 
triangles.  Its  fpecific  gravity  exceeds  that  of  any 
other  done,  being  4.615. 

Pieces/ of  this  ftone  being  ignited,  thrown  into  wa* 
ter  to  render  it  lefs  coherent,  and  'then  levigated  upon  j 
porphyry,  were  fufed  in  the  filver  crucible,  with  a large  j 
proportion  of  cauftic  fixed  alkali.  The  folution  was 
treated  with  water  and  with  marine  acid,  which  took 
Up  a fmall  part,  and  left  a refidue,  which  was  again 
fufed  with  alkali,  and  treated  as  before.  After  feveral 
repetitions  of  this  procefs,  the  whole  was  diffolved. 
By  faturating  the  acid  with  mild  vegetable  alkali,  the 
earthy  matter  was  thrown  down.  Digeflion  of  part 
of  this  precipitate  with  marine,  and  part  With  vitriolic 
acids,  indicated,  after  a due  application  of  chemical 
methods,  a confiderable  portion  of  filiceous  earth, 
with  a minute  quantity  of  iron  and  nickel,  and  a 
much  larger  proportion  of  an  earth  which  remained 
fufpended  on  account  of  itS/folubility  in  acids.  Thi9  j 
earth  was  found  to  differ  in  its  properties  from  every 
other  yet  known  : its  folubility  fufficiently  diftinguifhes 
it  from  fdex.  When  precipitated  by  mild  alkali,  it 
did  not  become  effervefeent,  like  lime  or  magnefia ; 


See  the  Memoir  at  length  in  the  Journal  dc  Phyfiquc  for 
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neither  did  it,  like  them,  form  felenite  or  Epfom  fait 
with  vitriolic  acid.  It  did  not  form  alum  with  the 
vitriolic  acid,  as  clay  does.  It  differed  effentially  from 
ponderous  earth,  in  its  not  being  precipitable  by  the 
Pruffian  alkali  *,  and  in  forming  a fait  with  vitriolic 
acid,  which  was  exceedingly  different  from  ponderous 
fpar.  This  earth  was  not  foluble  either  in  microcofmic 
fait,  or  in  mineral  alkali,  when  treated  by  the  blow- 
pipe ; but  borax  diffolved  it.  The  jargon  was  found 
to  contain  in  the  hundred  parts  3 1 T filex,  <1  calx  of 
iron  containing  nickel,  and  68  of  this  peculiar  earth. 

A mineral  from  New  South  Wales  was  put  into 
the  hands  of  Mr.  Wedgwood  by  Sir  J.  Banks  *.  It 
confided  of  a mixture  of  fine  white  fand,  a foft  white 
earth,  fome  colourlefs  micaceous  particles,  and  a few 
black  ones,  refembling  black  mica  or  black  lead.  Mr. 
Wedgwood  made  fome  experiments  upon  it,  but  does 
not  appear  to  have  completely  analyfed  the  mafs,  moft 
probably  on  account  of  its  fmall  quantity. 

Neither  the  nitrous  nor  vitriolic  acids,  concentrated 
or  diluted,  hot  or  cold,  were  found  to  take  up  any 
thing  from  this  mineral  which  could  be  precipitated 
by  alkalis ; excepting  that  the  ftrong  vitriolic  acid,  by 
due  management,  indicated  a minute  portion  of  clay. 
But  the  marine  acid,  by  digeftion  near  its  boiling  heat, 
a&ed  on  it  with  frequent  explofive  burffs,  and  took 
up  about  one  fifth  of  the  whole.  The  crude  mineral, 
pulverized  and  calcined,  loll  its  blacknefs,  and  one- 
fourth  of  its  weight,  but  was  found  to  be  as  difficult 
of  folution  as  before.  Water  added  to  the  marine 

* Wedgwood  in  the  Philof.  Tranf.  for  1790,  page  306. 
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folution,  threw  down  a white  precipitate  *,  and  thd  I 
feparation  was  fo  complete,  that,  after  an  addition  of  | 
eight  or  nine  times  the  whole  bulk  of  water,  there  re- 
mained nothing  in  folution  that  alkali  could  precipitate. 
This  white  matter  was  infolubfe  in  water,  and  alfo  in 
the  nitrous  or  vitriolic  acids,  and  in  alkaline  folutions, 
Strong  marine  acid  took  it  up  as  before,  by  the  afliftance 
of  the  fame  degree  of  heat.  A certain  precife  quantity  of 
nitrous  acid  added  to  the  marine  folution,  kept  the 
white  matter  fufpended,  even  when  diluted  with  water. 
Strong  vitriolic  acid  did  not  throw  down  the  white 
matter  from  the  marine  folution ; but  when  the  quan- 
tity added  was  nearly  equal  to  that  of  the  folution,  part 
of  the  marine  acid  was  extricated  in  white  fumes,  with 
effervefcence.  The  mixture,  heated  nearly  to  boiling, 
becomes  tranfparent,  and  continues"  fo  in  the  cold. 
This  folution  is  alfo  precipitable  by  water,-  and  the 
precipitate  is  folublc  in  marine  acid. 

The  faturated  marine  folution  does  not  cryftallize 
by  evaporation,  but  affords  a deliquefeent  mafs,  which 
is  not  corrofive,  and  parts  with  its  acid  in  an  heat 
near  ignition.  PrufRan  alkali  does  not  precipitate  the 
marine  folution ; but  all  the  alkalis,  whether  mild  or 
cauftic,  occafioned  copious  precipitations,  which  were 
foluble  in  marine  acid,  and  thence  precipitable  by 


water  in  the  original  date. 


This  white  precipitate  is  much  more  fufible  thaft 
any  of  the  other  fimple  earths.  In  a heat  between  142 
and  156  degrees  of  Wedgwood’s  thermometer,  which 
is  nearly  as  high  as  is  produced  in  a fmall  air  furnace, 
it  melted  in  contact  with  clay,  with  flint,  with  chalk, 
with  lime,  with  magnolia,  with  pure  ponderous  earth, 
7 and 
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and  with  ponderous  fpar,  in  feveral  different  experi-  earth  - 
ments.  In  a hole  fcooped  in  chalk  it  run  into  a 
fmooth  whitifh  opake  bead,  not  at  all  adherent  to  the 
chalk  itfelf ; and  in  a cavity  in  charcoal  it  likewife 
fufed,  but  did  not  feem  to  undergo  any  revivification. 

Part  of  this  was  foluble  in  boiling  marine  acid,  and 
precipitable  by  water,  as  at  firft  *,  but  an  accident  pre- 
vented the  determination  whether  the  whole  was  fo- 
luble. 

It  appears  proper  therefore  to  confider  the  white  Peculiar  earth, 
matter  as  a new  earth ; dire£lly  foluble  in  no  men- 
ftruum  but  marine  acid,  or  perhaps  its  compounds ; 
not  cryftallizable  in  this  combination  •,  precipitable  by 
water,  and  not  by  the  Pruffian  alkali ; parting  with  its 
acid  in  a heat  below  ignition  ; and  fufible  in  a degree 
of  heat  not  very  much  exceeding  that  required  to 
melt  call  iron. 

The  black  fubftance  which  feems  to  have  compofed  Other  parts  of 
about  one-fifth  part  of  the  crude  mineral,  was  found  tlu 

• f 

to  referable  plumbago  in  its  leading  properties,  but 
its  refidue  did  not  appear  to  be  iron.  The  remaining 
three  fifths  of  the  mineral  which  refilled  the  humid 
attacks  in  Mr.  Wedgwood’s  experiments,  was  probably 
filex  $ but  he  does  not  fpeak  of  any  dire£l  examination 
of  its  properties  by  fufion  with  alkalis,  the  fparry  acid, 
or  otherwife. 
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r I ^HE  alkalis  are  three  in  number ; the  vegetable, 
-*■  the  mineral,  and  the  volatile  alkali.  Of  thefe 
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the  two  former  are  diltinguifhed  by  the  general  appel- 
lation of  fixed  alkalis.  The  general  properties  of 
fixed  alkalis  are-*— i.  They  change  the  blue  fvrup  of 
violets  to  a green.  2.  Their  taftc  is  peculiar,  and  dif- 
agreeably  cauftic,  even  when  diluted  with  water. 

3 . They  have  a ftrong  attraction  for  water,  with  I 
which  they  unite  in  all  proportions,  and  even  attract  I 
it  in  fufficient  quantities  from  -the  atmofphere  to  be-  I 
come  fluid.  4.  They  combine  with  acids  by  a ftronger 
affinity  than  is  poffefled  by  molt  other  fubftances,  at  a 
moderate  temperature.  5.  Molt  inflammable  fub- 
ftances are  a£led  upon  by  them.  6.  They  melt  in  a 
moderate  heat,  and  in  a Itronger  heat  they  are  vola-jj J 
tilized.  7.  In  the  dry  way  they  diffolve  earths,  and) 
the  calces  of  metals. 

The  vegetable  fixed  alkali  is  found  in  fome  falts* 
which  may  be  faid  to  be  of  the  mineral  kingdom;  but 
it  is  obtained  for  all  the  purpofes  of  trade  and  fciencej  | 
from  vegetable  matters.  Of  this  there  are  feveraH 
kinds,  which  differ  only  in  the  refpeCtive  quantities! 
and  nature  of  the  impurities  they  contain.  $ The  cen- 
dres  gravelees  is  a ftrong  alkali,  made  by  burning  the; 
fcuiks  of  grapes  and  wine-lees.  Potafh  is  procured 
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ftom  wood-afhes,  and  is  very  far  from  being  pure,  alkalis. 
Mod  vegetables,  afford  this  alkali  by  burning  them,  ^lethodvs~f  pr^ 
i and  mixing  thebr  allies  with  pure  water  ; which,  after  curiiigthe  vege- 
decantation  or  filtering,  may  be  evaporated,  and  will 
leave  the  fait  behind.  The  pureft  is  obtained  by 
wrapping  tartar  in  wetted  brown  paper,  and  placing 
the  parcels  in  beds  or  ftrata  alternately  with  charcoal 
in  a furnace.  The  whole  is  then  to  be  fet  on  fire, 
and  the  fire  continued  till  the  blackening  fmoke  ceafes 
to  rife.  If  the  heat  be  too  intenfe,  the  alkali  will 
melt,  and  mix  with  the  impurities  of  the  coal ; but 
when  the  procefs  is  well  conduced,  the  parcels  may 
be  taken  out  entire.  By  lixiviation  or  folution  in  pure 
water,  with  fubfequent  filtration,  evaporation,  drying, 
and  calcining  in  a low  heat,  the  alkali  is  obtained  very 
white,  and  contains  a confiderable  portion  of  fixed  air. 

This  might  be  driven  off  by  heat ; but  it  is  not  necef- 
iary  to  be  done  in  that  way,  as  it  would  be  attended 
with  fome  danger  of  the  fait  corroding  the  veffel,  and 
, becominS  left  pure.  The  vegetable  alkali  is  known  in 
the  fhops  by  the  name  of  fait  of  tartar;  but  moft 
chemifts  in  London  fell  the  impure  alkali  of  potafli  by 
this  name.  • 

It  is  not  eafy  to  purify  the  common  vegetable  allca-  purifyi„g  „f  ,u 
hs  met  with  in  trade,  and  it  is  feldom  attempted.  The  kalis' 
chemift  is  not  under  any  necefiity  to  employ  his  time 
m procuring  the  alkalis  abfolutely  difengaged  from  all 
other  matter,  as  they  will  be  equally  ufeful  if  kept  in 
combination  either  with  fi*hd  air  or  with  water; 
in  which  ftates  the  quantities  may  be  more  accu-  ' 

ratuy  afeertained  by  weight  when  ufed,  than  if 
pure;  becaufe  their  rapid  attradion  for  water,  in 
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the  latter  cafe,  venders  the  weighing  almoft  imprac- 
ticable. 

Alkalis  which  contain  fixed  air,  are  called  mild  al- 
kalis. 

, For  very  nice  purpofes  this  alkali  may  be  had  from 

' common  nitre  by  deflagration.  Nitre  confifts  of  the 
alkali  united  with  an  acid.  If  the  finefl  prifmatic 
nitre  be  fufed,  and  made  red-hot  in  a crucible,  and 
charcoal  be  then  added  by  degrees,  a molt  intenfe 
combuftion  takes  place,  during  which  the  acid  princi- 
ple of  the  fait  is  diflipated,  and  the  alkali  is  left  in 
combination  only  with  fixed  air.  More  charcoal  muft 
be  added,  as  long  as  it  continues  to  produce  the  vivid 
flame ; and  the  heat  muft  be  raifed  towards  the  end, 
in  order  that  the  decompofition  of  the  laft  portions  of 
the  nitre  may  be  more  completely  effe£ted.  This  fait 
has  been  improperly  called  fixed  nitre  ; but  there  is  no 
difference  between  the  pure  fpecimens  of  this  alkali, 
whatever  fubje<ft  it  may  have  been  originally  obtained 
from. 

Fixed  alkalis  may  be  had  in  a ftate  of  great  purity 
by  treatment  with  ardent  fpirit*.  The  alkali  is  firft 
to  be  deprived  of  moft  of  its  fixed  air  by  boiling,  with 
about  its  own  weight  of  quicklime,  in  twelve  parts  of 
water ; and  the  clear  folution  muft  then  be  evaporated, 
till  it  begins  to  be  flightly  confident.  It  muft  then  be 
mixed  with  the  ftrongeft  ardent  fpirit;  and  part  of 
the  fpirit  may  be  drawn  off  by  diftillation.  As  foon 
as  the  retort  has  become  cold,  it  is  found  to  contain  a 
folution  of  pure  alkali  in  ardent  fpirit,  which  floats 


* Berthollct,  in  the  Journal  dc  Phyfiquc  for  1786. 
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above  another  aqueous  fluid,,  containing  that  pait  of  ^ alkalis.  ^ 

the  alkali  in  crystals  which  ftill  retains  its  fixed  ail, 

and  alfo  the  earthy  or  metallic  impurities  of  the 

alkali.  The  fpirltuous  folution  being  decanted  off, 

and  evaporated  on  a fand  bath,  affords  cryftals  of  pure 

alkali  in  groups  of  quadrangular  pyramids,  which  aie 

very  deliquefcent,  and  foluble  both  in  water  and  aident 

Spirit,  with  the  produClion  of  cold. 

The  vegetable  alkali,  in  its  ufual  ftate,  deliquefces  Oil  of  tartar, 
in  the  air,  and  confequently  unites  with  water  in  all 
proportions.  The  ftrong  folution  of  this  alkali  is 
ufually  called  oil  of  tartar  per  deliquium.  Its  action 
on  the  fkin  produces  a fenfation  or  feel  of  greafinefs, 
which  has  given  occafion  to  this  appellation.  But  it 
may  be  had  in  permanent  cryftals,  if  enough  of  fixed 
air  be  added  to  its  folution. 

The  mineral  alkali  in  its  obvious  properties  differs  Mineral  alkali, 
but  little  from  the  vegetable.  Its  attractions  in  gene- 
ral are  lefs  ftrong,  and  the  compounds  it  forms  with 
other  bodies  are  very  different  from  tliofe  produced 
with  the  vegetable  alkali.  It  ufually  contains  enough 
of  fixed  air  to  render  it  much  lefs  attractive  of  water 
than  fait  of  tartar.  If  the  quantity  of  water  containing 
fait  of  foda  be  diminifhed  to  about  two  and  a half  times 
the  weight  of  the  fait ; this  laft  begins  to  feparate  in 
cryftals,  which  do  not  deliquefce  in  the  air,  but  become 
dry,  and  fall  to  powder,  by  the  lofs  of  that  portion  of 
water  which  entered  into  the  formation  of  the  cryftals. 

The  water  which  enters  into  the  formation  of  the  Water  of  cryftal- 

n . e # lizatiou. 

cryitals  or  any  fait,  is  called  the  water  ol  cryftalli/.a- 

tion  and  fuch  falts  as  fall  to  powder  by  expofurc  to  Efflorefctr.cc. 
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Abundance  of 
mineral  alkali ; 
in  fea  fait. 


—obtained  by 
incineration. 


the  air,  are  faid  to  efllorefce  ; the  pulverulent  fubftance 
thus  obtained  is  fometimes  called  an  efEorefcence, 
Mineral  alkali  abounds  in  vaft  quantities  in  the  wa- 
ters of  the  fea,  where  it  forms  half  the  weight  of  the 
common  fait;  and  it  is  fometimes  found  in  other  natural 
combinations.  The  efllorefcence,  or  faline  matter, 
which  hangs  upon  old  damp  walls,  confifts  of  this  fait 
united  to  fixed  air  and  water;  and  in  many  places  in 
Alia  and  Africa  it  is  collected  at  the  furface  of  the 
earth. 

The  mineral  alkali  in  trade  is  obtained  by  burning 
certain  plants  which  grow  on  the  fea  {bore.  It  con- 
tains feveral  neutral  falts  in  fmall  proportions,  which 
may  be  feparated  by  cryftallization ; as  the  alkali,  being 
the  moft  foluble,  remains  fufpended  in  water  longer 
than  the  reft.  Sea  fait  may  be  decompofed,  and 
its  alkali  obtained  alone,  but  not  fufficiently  cheap  for 
Turner’s  procefs  common'  ufes.  Mr.  Turner’s  procefs  is  faid  * to  con- 
fift  in  mixing  a quantity  of  litharge'  (or  calcined 
lead)  with  half  its  weight  of  common  fait;  which,  after 
trituration  with  water  till  it  aflumes  a white  colour,  is 
left  to  (land  fome  hours  : after  which  a decompofition 
enfues,  the  alkali  becoming  difengaged  with  water, 
while  the  acid  unites  with  the  metallic  calx.  This  laft, 
by  a proper  degree  of  heat,  produces  a fine  greenifh 
yellow  pigment,  the  fale  of  which  is  the  chief  object 
of  the  manufacturer. 

The  fixed  alkalis  are  ftill  confidered  as  fimple  fub- 
fiances  with  regard  to  the  prefent  ftate  of  our  know- 
ledge. It  is  fufpecled  however  that  the  fixed  vegeta*' 
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\\c  alkali  may  confili  of  lime  in  combination  with  the 
fubftance  called  phlogifticated  air;  and  that  the  mineral 
alkali  is  compofed  of  magnefia,  united  to  the  fame 


ALKALIS. 


fubftance.  The  reafons  for  thefe  fuppofitions  are  : — 

* A fmall  quantity  of  common  nitre  js  produced  by 
expofing  waflied  chalk  for  fome  months  to  the  exhala- 
tions of  putrid  animal  fubftances.  The  repeated  diflil- 
lation  of  .foap  affords  volatile  alkali,  and  this  contains 
phlogifticated  air.  And  a portion  of  magnefia  has 
been  obtained  by  repeated  foiutions  and  calcinations 
of  mineral  alkali. 

Fixed  alkalis,  deprived  of  the  fixed  air  they  may  Cauftic  folution 
contain,  by  boiling  them  for  a fhort  time  with  quick-  °f 
lime,  which  has  a ftronger  attraction  to  the  air,  and 
becomes  converted  into  chalk  by  the  procefs,  are  then 
faid  to  be  cauftic,  becaufe  they  a£t  with  fuch  energy 
as  to  corrode  and  deftroy  animal  fubftances.  Soap  — or  foap  lees, 
lees  is  a folution  of  .this  kind ; and  the  combination  of 
a cauftic  alkali  with  fat,  or  oil,  is  well  known  by  the 
name  of  foap.  If  one  part  of  lime,  and  two  of  fait 
of  foda,  be  boiled  in  twelve  parts  of  w'ater  for  a fhort 
time,  and  the  filtered  lixivium  be  evaporated  till  its 
fpecific  gravity  be  about  1.375,  or,  which  is  the  fame 
thing,  till  a phial  which  would  contain  an  ounce  of 
water  would  contain  an  ounce  and  three  eighths  of  the 
folution ; the  foap  may  be  made  by  mere  mixture  of  Soap, 
this  lye  with  olive  oil,  in  the  proportion  of  one  part  of 
the  former  with  two  of  the  latter,  in  a glafs  or  done 
ware  vcffel.  This  mixture,  being  beat  up  from  time  to 
time  with  a wooden  fpatula,  foon  becomes  confident ; 


rhouvenel  on  Nitre.  Chaptal’s  Elements  of  Chemiftry,  I. 
.18  j.  Eng.  trand.  and  the  authors  by  him  cited. 
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Manufacture  of 
foap  in  the  large 
way. 


Manufacture  of 
glafs. 


Difficulties. 


and  in  feven  or  eight  days  it  forms  a very  white  and 
hard  foap. 

In  large  manufactories  the  lye  is  made  no  ftronger 
than  to  float  an  egg,  when  the  workmen  begin  to  form 
the  mixture.  To  a part  of  the  lye  diluted  they  add 
an  equal  quantity  of  oil,  which  is  fet  on  a gentle 
fire,  and  agitated.  When  the  combination  begins  to 
take  place,  the  reft  of  the  lye  is  added,  and  the  whole 
digefted  by  a gentle  heat  till  the  foap  is  formed.  If 
well  made,  it  is  firm  and  white,  and  completely  mixes 
with  water,  without  exhibiting  any  greafe  on  the  fun- 
face.  Trials  are  made  of  it  during  the  boiling ; and 
the  requifite  additions,  either  of  oil  or  alkali,  are  pnade 
as  circumftances  require. 

That  beautiful  produft  of  human  induftry,  glafs, 
confifts  of  filiceous  earth  diffolved  in  an  alkali.  For 
this  purpofe,  nothing  more  is  neceflary  than  to  expofe 
a proper  mixture  of  fand,  flint,  or  cryftal,  and  fixed 
alkali,  to  heat  in  a furnace  till  they  are  incorporated 
together  by  fufion.  Simple  however  as  this  procefs 
may  appear,  it  is  by  no  means  an  eafy  operation  to 
make  a perfect  glafs.  If  the  materials  be  impure, 
and  contain  either  metallic  particles,  or  fuch  as  cannot^ 
be  vitrified,  the  glafs  will  be  coloured,  or  defaced  with 
cpake  fpecks.  If  the  proportion  of  alkali  exceed  two 
parts  to  one  of  earth,  the  glafs  will  be  liable  to  altera- 
tion by  the  adtion  of  the  air  or  faline  fubftances,  efpe-  • j 
cially  acids.  If  the  fufion  be  not  continued  a fuffi- 
cient  time,  the  glafs  will  be  imperfeft  for  want  of  a 
fufficient  combination  of  the  materials : and  no  means 
have  yet  been  found  to  prevent  the  lower  part  of  the 
pots  of  glafs  from  containing  a denfer  glafs  than  the 

upper. 
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ppef,  by  the  fubfidence  of  the  heavier  materials  i ^ alkalis.^ 
circumftance  which  produces  the  appearance  of 
breads  or  veins  in  the  work,  on  account  of  the  dif- 
-rent  adion  of  the  feveral  parts  of  the  fame  glafs  oil 
le  rays  ot  Iic;h  t.  The  management  of  the  heat  is 
Ifo  a material  point  j for  every  increaie  cf  heat  extri- 
ates  bubbles  of  fome  elaftic  fubftance  ; and  if  the  glafs 
e ufed  during  this  efFevvefcence,  it  will  abound  with 
ttle  cavities  which  injure  its  tranfparency.  The  im- 
erfe&ions  of  glafs  are  moft  fenfibly  felt  in  the  con- 
ru£lion  of  optical  inftruments,  efpecially  thofe  which 
:e  called  achromatic. 

To  prevent  the  fwelling,  at  the  firft  combination  of  Frit, 
le  materials,  they  are  previoufly  mixed,  and  expofed 
>r  a confiderable  time  in  a lower  heat  than  is  fuffi- 
ent  to  convert  them  into  glafs  j by  which  manage^ 
ent  great  part  of  the  more  volatile  matters  are  diffi- 
ited.  This  imperfeft  combination  is  called  frit,  and 
afterwards  fufed  by  a ftronger  heat.  Glafs  utenfils, 
nlefs  very  fmall,  require  to  be  gradually  cooled  in  an 
7en.  This  operation  is  called  annealing  •,  and  is  ne- 
iflary  to  prevent  their  cracking  by  change  of  tem- 
2ra£ure,  wiping,  or  flight  accidental  fcratches. 

The  volatile  alkali  is  moft  commonly  obtained  Manufafture  of 
om  fal  ammoniac.  This  fait  was  formerly  imported  ldl  ammonut* 
om  Egypt,  where  it  is  procured  by  fublimation  from 
>ot  produced  by  burning  the  dung  of  camels.  It  is 
ow-made  in  great  plenty  for  the  purpofes  of  trade 
i Great-Rritain.  The  component  parts  are  volatile 
■ k iii,  and  the  fame  acid  as  enters  into  the  compofi- 
of  fea  fait,  and  is  called  the  marine  acid.  The 
jlatilc  alkali  is  obtained  in  an  impure  liquid  ftate 
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by  the  manufacturers,  who  diftil  it  from  bones,  or  foot, 
or  any  other  fub fiance  that  affords  it.  To  this  they 
add  the  vitriolic  acid,  and  alfo  common  fait,  in  due 
quantities.  The  vitriolic  acid  firlt  combines  with  : 
the  volatile  alkali  ; but  when  the  common  fait,  which  j 
confifls  of  fixed  mineral  alkali  and  marine  acid,  is  j 
added,  a change  of  the  principles  takes  place  by 
double  elective  attraction.  The  vitriolic  acid  feizes  ' 
the  mineral  alkali,  and  forms  the  new  compound 
known  by  the  name  of  Glauber’s  fait ; while  the  ma-  j 

rine  acid  unites  with  the  volatile  alkali,  and  forms  fal  j 

- H 

ammoniac.  By  evaporation  of  the  water,  thefe  falts 
are  feparated  by  cryflaliization,  and  the  fal  ammoniac 
is  fublimed  into  cakes  for  dale. 

In  order  to  difengage  the  volatile  alkali  from  fal 
ammoniac  by  diftillation,  it  is  neceffary  to  add  fome 
fixed  fubftance  which  fliall  combine  with  and  pre- 
vent the  marine  acid  from  riling.  Chalk  and  flaked 
lime  are  the  bodies  commonly  ufed.  If  a mixture  of 
two  parts  ^of  chalk,  and  one  of  fal  ammoniac  in  pow- 
der, be  expofed  to  a fand  heat  in  a retort,  with  a re- 
ceiver adapted,  a change  of  principles  by  double  affi- 
nity takes  place.  The  chalk,  which  confifls  of  Hme 
and  fixed  air,  is  decompofed,  and  alfo  the  fal  ammo- 
niac. The  lime  unites  with  the  marine  acid,  and 
forms  a fixed  earthy  fait,  which  remains  in  the  retort; 

• 4 * * • * v*  ■ j . " , , ' ’ _ ? ; i ■ 

and  the  fixed  air  unites  with  the  volatile  alkali,  and 
pafles  into  the  receiver,  where  it  appears  in  theTorm 
of  a white  hard  fait  of  a pungent  fmell.  This  is  the 
mild  volatile  alkali,  or  fd  volatile  of  the  apothecaries 
and  perfumers.  It  is  well  known  ag  a ftimulant  ufu- 
ally  put  into  fmelling  bottles. 

When 
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When  lime,  or  calcareous  earth  deprived  of  fixed  alkalis. 
ir,  is  made  ufe  of,  the  decompofition  takes  place  as  __obt7ined'by" 
tefore;  but  the  volatile  product  has  a very  different  the  medium  of 
ppearance.  It  confifts,  for  the  molt  part,  ox  a perma- 
lently  elaftic  or  aerial  fluid,  which  very  readily  com- 
lises  with  water,  but  may  be  confined  in  its  elaftic 
tate  in  veffels  over  mercury.  Moft  of  this  product 
vas  formerly  loft,  becaufe  no  more  of  it  was  detained 
n the  veffels  than  had  combined  with  the  water  which 
vas  driven  over  by  heat  from  the  materials  in  the  re- 
ort.  But  by  the  ufe  of  an  apparatus  upon  the  prin- 
iple  of  fig.  21,  the  air  may  be  received  and  abforbed 
>y  water,  without  that  great  lofs  which  muft  have 
. rifen  from  the  aerial  fluid  rifing  long  before  the  wa- 
er,  and  the  quantity  of  this  laft  being  infufficient  to 
aetain  it. 

This  permanently  elaftic  fluid  is  called  alkaline  air,  Alkaline  aiiv 
nd  confifts  of  the  pure  volatile  alkali  itfelf.  If  fixed 
:ir  be  added  to  it,  a white  cloud  is  formed,  confifting 
>f  mild  volatile  alkali,  which  precipitates ; and  the 
firs  are  either  diminifhed  or  difappear,  according  to 
heir  relative  proportions  to  laturate  each  other, ' or 
heir  refpective  degrees  of  purity.  With  the  marine 
icld  air,  hereafter  to  be  treated  of,  which  is  the  pure 
narine  acid,  it  forms  fal  ammoniac  in  the  fame 
nanner.  It  unites  with  equal  readinefs  with  the  other 
icid  airs.  With  water  it  forms  the  fluid  volatile 
dkali  commonly  called  fpirit  of  fal  ammoniac  with 
ime. 

Ihe  volatile  alkali  is  decompofed  and  formed  again  Decompofition 
n many  chemical  proceffes.  Thefe,  generally  fpeak-  J^tcnedkaTis^ 
eg,  require  a more  intimate  knowledge  of  chemical 
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facts  than  the  reader  can  yet  be  fuppofed  to  poflefs,  for 
them  to  be  fpoken  of  at  length  in  this  place.  It  will 
therefore  be  fufficient  to  obferve,  that  the  dimenfions 
of  alkaline  air  are  greatly  enlarged  by  repeatedly  palling 
the  electric  fpark  or  explofion  # through  it,  or  by  ig- 
niting a piece  of  earthen-\yare  in  it ; and  it  is  by  this 
meaais  rendered  incapable  of  being  abforbed  by  water, 
and  becomes  inflammable.  By  the  admiflion  of  vital 
air,  and  detonation,  the  inflammable  part  is  condenfed, 
and  the  remainder  is  found  to  be  phlogifticated  airf. 
Hence,  as  well  as  from  other  experiments,  it  is  con-; 
eluded  that  alkaline  air  confilts  of  four  parts  by  weight 
of  phlogifticated,  and  one  of  inflammable  air. 

Characters  of  Acids  are  a genus  of  falts,  which  may  be  confi- 
dered  as  lefs  Ample  than  the  fixed  alkalis  y becaufe 
there  are  experiments  which  clearly  {hew  that  they 
may  be'  decompofed  into  principles  ftill  lumpier.  Their 
pi'operties  are — i.  They  change  the  blue  vegetable  co-. 
lours  of  fyrup  of  violets,  or  tincture  of  litmus,  to  a 
red.  2.  Their  tafte  is  four,  and  in  general  corrofive, 
unlefs  diluted.  3.  Moft  of  them  unite  with  water  in 
all  proportions  y and  many  have  fo  ftrong  an  attraction 
for  it,  that  they  cannot  be  exhibited  in  the  folid  ftate. 
4.  They  combine  with  alkalis  by  a ftronger  affinity 
than  is  poflefled  by  moft  other  fubftances  to  thofe  falts 
at  a moderate  temperature.  6.  They  a£l  upon  earths^ 
and  upon  moft  inflammable  fubftances  and  metals. 

1 , it 

v Pricftlcy,  II.  239.  V.  218.  VI.  189. 
f Bcrtkollct  in  Mem.  Acad.  Tar.  for  1785,  page  324.  Alfo 
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The  acids  found  in  the  mineral  kingdom  are* — the 

‘ y j 

vitriolic  acid,  known  in  commerce  by  the  name  of  oil  Enunri4t;c"n 

of  vitriol;  the  nitrous  acid,  called  fpirit  of  nitre;  the  Mineral  acids. 

marine  acid,  called  fpirit  of  fait;  the  aerial  acid,  or 

fixed  air;  the  acid  of  borax,  called  fedative  fait; 

the  acid  of  fpar,  or  fparry  acid  ; fuccinous  acid,  or 

acid  of  amber;  the  acid  of  phofphorus,  or  phofpho- 

ric  acid ; the  acid  of  tin ; the  acid  of  arfenic  ; the 

icid  of  piolybdena ; the  acid  of  tungften,  or  of 

wolfram. 

The  vegetable  kingdom  affords  the  acids  of  lemons  ; Vegetable  acids. 
)f  apples,  or  unripe  fruits ; of  galls ; of  benzoin  ; of 
. :artar  ; of  fugar,  or  forrel ; the  empyreumatic  acid  of 
artar;  the  empyreumatic  acid  of  fugar,  or  mucilage; 
he  empyreumatic  acid  of  wood ; the  acid  of  cam- 
>hor ; the  acid  of  cork ; and  the  acetous  acid,  or 
inegar. 

The  animal  kingdom  affords  the  acid  of  milk  ; the  Animal  acids, 
icid  of  fugar  of  milk ; the  acid  of  ants  ; the  acid  of 
1 ’ruffian  blue ; the  acid  of  fat ; the  acid  of  the  ftonc 
■f  the  bladder;  and  the  acid  of  filkworms. 

When  an  inflammable  fubftance  is  added  to  a ftrong  inflammable  ad. 
.cid,  the  effe&s  in  general  are,  that  the  acid  is  ren- ditions  t0  acids‘ 
lered  more  volatile,  and  part  flics  off  in  an  elaftic 
orm,  which  has  various  properties,  according  to  the 
lature  and  properties  of  the  acid,  as  will  be  hereafter 
hewn. 

In  the  theory  of  phlogifton,  acids  are  fuppofed  to  Theory, 
on  tain  that  principle*  and  to  be  capable  of  uniting 
vith  it  in  various  proportions.  When  they  have  re- 
vived a larger  proportion,  they  are  rendered  more 
'olatile,  and  fly  off  in  the  elaftic  form  ; and  when 

they 


\z6 


NEUTRAL  SALTS; 


ACIDS. 


Theory. 


Vital  air  a com- 
ponent part  of 
acids. 


Ventral  faits. 


they  have  a lefs  than  the  ufual  proportion  of  it,u 
they  are  faid  to  be  dephlogiilicated,  and  act  morerr 
ftrongly  on  phlogiftic  bodies.  In  the  new  theory#*, 
acids  are  fuppofed  to  confift  each  of  a peculiar  bafew: 
united  to  vital  air  in  a fixed  date.  If  they  act  on  a|ir. 
combultible  body,  and  become  deprived  of  part  of  theiiil 
vital  air  by  it-s  action,  their  conllitution  is  changed# 
and  their  bafe  is  more  difpofcd'  to  fly  off ; but  if  by* 
any  means  they  obtain  an  over-proportion  of  vitall 
air,  their  action  on  combuftible  bodies  is  more  effica- 
cious. 

Molt  of  the  phlogiftian  chemifts  admit  of  the  exi li- 
enee of  vital  air,  as  a component  part  of  acids  ; a pofi-t 
tion  which  feems  indeed  to  be  as  well  eftablilhed  upon! 
fadts  as  any  part  of  the  fcience  of  chemiitry. 

Combinations  of  alkalis  with  acids  are  called  neutral 
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CHAP.  IX. 

OF  METALLIC  BODIES  IN  GENERAL. 

ETALLIC  fubftances  are  very  eafily  diftin- characters 
guifhable  from  all  other  bodies  in  nature,  by  ^°F  MFTAL 
heir  very  great  weight,  and  that  opake  fhining  ap- 
pearance which  is  called  the  metallic  fplendour  or* 
riliiancy.  Very  few  fubftances  have  half  the  fpecific 
ravity  of  the  lighted;  among  the  metals.  They  are 
! 11  fufible,  though  at  very  different  temperatures;  and 
* the  fufion  be  made  in  clofe  veffels,  they  fix  again  by 
old,  without  having  fuffered  any  change  but  that  of 
xternal  figure,  which  mult  be  produced  in  all  bodies 
.'hich  have  been  either  liquefied  or  volatilized;  namely, , 
ley  affume  the  form  of  the  veffel  which  contains  them, 
orae  of  them  may  be  extended  confiderably  by  the 
ammer,  without  breaking  them.  This  property  is  Entire  meta% 
died  malleability ; and  the  metallic  bodies  which  poflefs 
are  called  entire  metals,  or  metals,  in  contradiftinclion 
) fuch  as  are  more  brittle,  and  are  called  femi-metais. 

Ietailic  fubftances  are  alfo  called  perfedl  and  imper-  Perfeft  and  irt> 
cl.  The  perfedt  are  fuch  as  undergo  no  lading  change 
F their  properties  by  any  heat  we  can  apply  to  them, 

: leaft  in  common  furnaces.  The  imperfedl  metals, 
lien  expofed  to  a ftrong  heat,  with  aecefs  of  vital 
r,  are  changed,  by  a procefs  fimilar  to  burning,  and  in 
line  of  them  with  an  adlual  flame,  into  a brittle  dull 
ibftance  called  a calx,  which  is  heavier  than  the 
total  it  came  from,  though  its  fpecific  gravity  is  not 
4 fo 
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fo  great.  Some  are  even  converted  into  acids.  If 
the  calx  of  a metal  be  expofed  to  ftrong  heat  in  ai 
clofed  veflel,  with  fome  inflammable  matter,  it  recovers 
its  metallic  date.  This  is  called  redudtion  or  reviving; 
of  the  metal. 

All  metals  are  imperfect  except  gold,  filver,  and! 
platina.  The  imperfedt  metals  are,  mercury,  lead, 
copper,  iron,  and  tin ; and  the  'femi-metals  are,  bif- 
muth,  nickel,  arfenic,  cobalt,  zinc,  antimony,  manga- ; 
nefe,  wolfram,  molybdena,  and  uranite.  The  names 
arfenic,  antimony,  manganefe,  wolfram,  and  molyb- 
dena, being  ufed  to  denote  the  mineral  fubftance  from 
which  the  femi-metals  are  obtained,  the  femi-metal 
themfelves  are  diftinguifhed  by  the  name  of  regulus  o; 
arfenic,  regulus  of  antimony,  and  fo  forth  \ thoug 
modern  chemifts  often  ufe  the  Ample  term  to  denofc 
the  femi-metal  itfelf  alone. 

Metals,  like  other  fufible  bodies,  have  each  a fixe^ 
temperature,  or  freezing  point,  at  which  they  becom 
folid.  They  afl'ume  a crydallized  figure  in  cooling, 
which  is  different  in  each,  and  may  be  feen  by  fufin 
them  in  melting  pots  with  a hole  in  the  bottom,  Hop- 
ped with  a ftopper ; for  in  this  cafe,  if  the  furface  be; 
differed  to  congeal,  and  the  fluid  metal  beneath  bej 
differed  to  run  out  through  the  hole,  the  under  fur- 
face  of  the  remaining  metal  will  be  curioufly  cryfi 
tallized.  The  fpecific  gravity  of  metallic  fubltancesii 
is  very  confiderably  affected  by  the  gradual  or  haft)’’] 
cooling,  or  tranfition  from  the  fluid  to  the  folid  ftate. 
Hammering  renders  them  harder  and  more  elafticj 
but  this  eftedt  is  deftroyed  by  ignition. 

The  affinities  of  metals  to  eacjh  other  are  various 
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Some  will  not  unite  at  all;  others  mi*  very  readily,  metallic 

, „ , . ■ • SUBSTANCES. 

and  even  combine  together.  On  this  property  is 
founded  the  art  of  foldering;  which  confifts  in  joining 
two  pieces  of  metal  together  by  heating  them,  with  a 
thin  piece  or  plate  of  a more  fufible  metal  interpofed 
between  them.  Thus  tin  is  a folder  for  lead ; brafs,  Solders, 
gold,  o*  filver,  are  folders  for  iron,  8cc. 

Mountainous  diftricts,  where  the  furface  of  the  Countries  moft 

n . abundant  with 

globe  has  been  thrown  up  or  dilturbed,  in  remote  metais. 
ages,  by  earthquakes,  volcanos,  or  other  great  convul- 
lions  of  nature,  are  the  moll  abundant  in  metallic 
bodies.  In  digging  into  the  bowels  of  the  earth,  the 
various  materials  are  modly  found  difpofed  in  llrata 
or  beds,  which  in  plains  lie  level,  but  in  mountains 
are  inclined ; whence  it  happens  that  in  mountainous 
countries  fome  llrata  are  often  expofed  to  the  day, 

• which  would  elfe  have  been  too  deeply  lodged  to  be 
c come  at  by  human  art.  It  is  in  the  flratified  moun- 
t tains  that  metals  are  ufually  found,  mollly  in  a Hate 
of  combination  either  withfulphur  or  arfenic,  or  in  the 
Hate  of  a calx.  They  are  alfo  found,  though  lefs  fre- 
quently, in  the  metallic  or  native  date. 

The  combinations,  or  earthy  bodies,  which  contain  Ores.  Veins, 
metals  in  fufficient  quantity  to  be  worth  extracting,  are  Mln's’ 
called  ores.  Iron  ore  fometimes  forms  entire  moun-* 
tains ; but  in  general  the  metallic  part  of  a mountain 
s very  inconliderable  in  proportion  to  the  whole.  The 
ares  run  either  parallel  to  the  llony  llrata,  though  far 
Tom  having  the  fame  regularity  of  thicknefs,  or  they 
:rofs  the  llrata  in  all  directions.  Thefe  metallic  llrata 
.re  called  veins.  The  cavity  formed  by  art  in  the  earth, 
or  the  extraction  of  metals  or  any  other  mineral  bo- 
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dies,  is  called  a mine.  The  done  wherein  a metallic 
’ ore  is  ufually  bedded,  is  called  its  matrix.  Thefe  are 
not  peculiarly  appropriated  to  any  metal,  though  fome 
Hones  more  frequently  accompany  metals  than  others. 

The  general  operations  by  which  metals  are  ob- 
tained from  ores  are — 1 . The  minerals  are  feletted;  and 
fuch  only  are  taken  as  from  experience  are  known,  by 
the  external  figure  or  appearance,  to  contain  metal. 

2.  They  are  reduced  to  powder;  and  the  lighter  parts 
-vyafhed  away,  by  means  of  water,  in  a fhallow  trough. 

3.  The  volatile  parts  are  diffipated  by  the  operation 
called  roafting.  4.  The  ores  are  fmelted  by  throw- 
ing them  into  the  midfl  of  the  fuel  of  a furnace,  with  j 
earthy  fubftances  which  are  difpofed  to  run  into  glafs. 
In  this  operation,  the  glaffy  matter,  called  fcoria,  in 
fome  meafure  produces  the  effedl  of  rendering  the 
lower  part  of  the  furnace  a clofed  veflel ; and  the  fuel 
revives  the  metal,  which  in  the  ore  is  ufually  of  the 
nature  of  calx.  The  revived  metal  being  much  denfer  ; 
than  the  fcoria,  falls  to  the  bottom,  and  is  fuffered  to 
run  out  by  proper  openings.  Thefe  are  the  general 
operations,  but  they  are  not  all  neceflary  in  all  cafes  ; 
and  the  particular  pradlice  with  the  feveral  ores  of 
each  metal,  muff  vaTy  according  to  the  properties  of  j 
the  metal  itfelf,  and  the  different  fubftances  it  is 
united  with. 

The  extraction  of  metals  from  ores,  in  the  final!  j» 
way,  which  is  neceflary  to  be  made  in  order  to  afcer*:  1 
tain  whether  the  fpecimens  are  worth  working,  is  t 
called  allaying  or  eflaying.  In  thefe  fmall  trials  the  f 
fufibility  of  the  pounded  ore  is  inereafed  by  an  addi- 
tion of  black  flux,  which  is  an  impure  alkali,  formed 
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bv  mixing  two  parts  of  tartar  with  one  of  nitre,  and  metallic 
fetting  them  on  fire.  Metallic  ores  may  be  very  accu-  v 
rately  allayed  by  folution  and  precipitation  in  the  hu-  Humid  way. 
mid  way. 

The  theory  of  the  calcination  and  reduction  of  me-  Theory, 
tals,  according  to  the  fyftem  of  phlogillon,  is  as  fol- 
lows : — Metals,  like  all  other  inflammable  bodies,  con- 
tain phlogillon  united  to  a bafe.  While  the  vital  part 
of  the  air  unites  with  the  bafe,  the  phlogillon  is  difen- 
gaged,  and  leaves  behind  it  the  combination  called  a 
calx,  which  is  heavier  than  the  metal,  becaufe  the  air 
received  exceeds  the  weight  of  the  phlogillon  difen- 
gaged. — In  the  antiphlogillic  fyftem,  metals  are  con- 
fidered  as  Ample  fubllances,  which  are  converted  into 
calces  by  their  union  with  vital  air,  and  are  revived  by 
heating  them  with  any  other  matter  which  is  more 
combullible  than  themfelves  •,  that  is  to  fay,  which 
has  a llronger  attra&ion  for  vital  air,  at  the  tempera- 
ture of  reduftion.  Some  of  the  maintainers  of  phlo- 
gillon admit  that  the  vital  air  unites  with  that  principle 
of  inflammability,  and  compofes  a fubllance  which 
combines  with  the  bafe  of  the  metal.  Here  the  fa£t 
agrees  with  the  llatement  of  the  antiphlogillians,  but 
the  explanation  is  lefs  Ample. 

Moll  metals  will  uniformly  mix  with  each  other;  and  Mixture  of  me- 
the  fpecific  gravity  of  the  compound  is  feldom  fuch  as  tals‘ 
would  have  been  deduced  from  the  fuppofition  of  a 
mere  mixture,  or  Ample  appofition  of  parts.  Their 
fufibility  is  likewife  greatly  changed  by  mixture,  and 
according  to  no  certain  rule  yet  difcovercd. 

Mixtures  of  metals  are  frequently  called  alloys.  Alloys, 
t i al  oy , or  allay,  is  mollly  ufed  to  denote  a 
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metallic  portion  cif  llietal  wliich  is  added  to  the  precious  me- 
tais,  gold  or  filver. 

Solubility °F me-  Metals  are  moltly  foluble  in  acids,  with  which  thev 

form  falts.  When  a metal  is  added  to  an  acid,  the 
general  effect  produced  is  the  fame  as  would  have 
arifen  from  the  addition  of  any  other  combuflible  fub- 
P/ecipitation.  fiance  to  the  acid.  If  an  alkali  or  earth  be  added  to 
a metallic  folution,  the  metal  falls  to  the  bottom  in  the 
form  of  a calx.  But  if  a metal  which  has  a flronger 
affinity  with  the  add  than  the  metal  already  diflfolved 
has,  be  added  to  fuch  a folution,  the  former  metal 
will  fall  to  the  bottom  in  its  metallic  flate,  and  the 
latter  will  be  diffolved  without  caufing  any  of  the 
efcape  of  elaftic  fluid,  and  other  appearances,  which 
would  have  taken  place  if  it  had  been  applied  to  the 
mere  acid  ; notwithllanding  which,  the  latter  metal,  if 
precipitated  by  an  incombuflible  fubftance,  fuch  as  an 
alkali  or  earth,  will  be  in  the  flate  of  a calx. 

Inferences.  It  is  evident,  from  thefe  fads,  that  the  aclion  of  acids 

upon  metals  is  fimilar  to  that  of  heat  with  accefs  of 
vital  air;  and  of  courfe  may  be  accounted  for,  upon  both 
the  theories  of  chemiflry,  in  the  fame  manner  as  com- 
©riginal  theory,  bullion  itfelf.  According  to  the  original  theory,  when 
an  acid  ads  upon  a metal,  it  unites  with  the  bafe  of 
the  metal,  and  expels  the  phlogiflon;  which  either  rifes 
alone,  in  the  form  of  inflammable  air ; or,  combining 
with  the  acid  itfelf,  forms  an  acid  air,  or  volatile  acid. 
If  an  alkali  be  added,  the  calx  falls  down,  combined 
with  air,  which  it  obtains  either  from  the  alkali  or 
the  acid  ; but  if  a metal  be  added,  the  phlogifton  of 
this  lafl,  uniting  with  the  calx  of  the  former,  revives 
it,  and  it  fails  down  in  its  metallic  date.  The  new 
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theory  may  be  applied  as  follows : When  a metal  is 
added  to  an  acid,  it  attradts  vital  air  eithei  fiom  the 
acid  itfelf  or  from  the  water.  If  the  former,  the  acid 
itfelf  is  decompofed ; and  its  bafe,  combined  with  an 
under  proportion  of  vital  air,  arifes  in  the  form  of 
volatile  acid,  or  acid  air.  But,  if  the  latter,  the  water 
itfelf  is  decompofed,  its  vital  air  combining  with  the 
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metal,  and  its  inflammable  air  flying  off : in  this  cafe, 
the  acid  is  fuppofed  to  do  nothing  more  than  hold 
the  calx  in  folution,  and  by  that  means  facilitate  the 
adtion  of  the  water,  which  would  be  much  lefs  effec- 
tual if  the  calx  were  fuffered,  on  account  of  its  in- 
solubility, to  remain  upon  and  defend  the  furface  of 
the  metal ; which,  by  reafon  of  its  infolubility  in 
mere  water,  it  would  not  fail  to  do,  if  the  acid  were 
not  prefent. 

Metals  are  precipitated  by  each  other  in  the  fame  Precipitation  of 

r r . 1 metals  by  mc- 

order,  or  nearly  fo,  in  all  acids.  Hence  it  is  inferred,  tais. 
that  this  effect  is  produced  by  the  reaction  of  fome 
common  principle,  either  of  the  metal  or  of  the  acids. 

In  the  old  theory,  a metal  which  has  a ftronger  at- 
traction for  phlogifton,  will  take  that  principle  from 
another  metal  which  holds  it  more  weakly  •,  and  of 
courfe  the  latter  will  caufe  the  former  to  be  precipi- 
tated in  its  metallic  form.  In  the  new  theory,  a con-  i 

trary  tranfition  of  vital  air  from  the  acid  produces  the 
fame  effect : for  if  a metal  has  a ftronger  attraction 
for  vital  air  than  is  exerted  by  another  metal  already  in 
folution,  it  will  deprive  this  laft  of  it,  and  caufe  it  to 
fall  down  in  the  metallic  ftate. 

Acids,  diffolve  metals  only  in  their  calciform  ftate  ; Limit  of  folw. 
and  there  is  a certain  limit  near  which  the  folution  is  uon  m AClds’ 
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metallic  beft  performed.  If  an  acid  be  of  i'uch  a nature  as  to 
substances.  ^ incapable  of  calcining  a metal,  it  will  not  diflolvc 

it,  though  the  fame  acid  would  diflolve  the  calx  if  pre- 
fented  to  it  •,  and  if  the  calcination  be  carried  on  too 
Theory  of  folu-  far,  the  calx  will  likewife  be  infoluble.  To  explain  this 
according  to  the  two  theories,  it  may  be  obferved,  that 
acids  calcine  metals  by  virtue  of  their  attraction  for 
phlogifton,  and  fufpend  the  calx  by  virtue  of  the  fame 
power  exerted  on  the  remaining  portion  of  phlogifton, 
of  which  they  cannot  in  general  diveft  the  calx ; con- 
fequently,  if  the  calx  be  diverted  of  this  portion,  it 
will  be  infoluble.  Or,  in  the  other  theory,  the  fimple 
metal  attracts  as  much  vital  air  from  the  acid  as  is 
fufficient  to  convert  itfelf  into  a calx,  but  not  enough  to 
faturate  it  with  that  principle  : it  is  therefore  fufpended, 
in  confequence  of  its  remaining  weak  attraction  for 
the  vital  air  of  the  acid.  But  if  the  calcination  be 
complete,  that  is  to  fay*  if  the  affinity  of  the  metal  for 
idtal  air  be  perfectly  fatisfied,  the  remaining  attraction 
of  the  metal  for  vital  air  will  ceafe,  and  it  will  be 
infoluble. 

The  direct  action  of  alkaline  falts  upon  metals  is 
not  confiderable  : fulphur  combines  with  rnoft  of 
them  readily  in  the  way  of  fufion  ; and  the  combination 
of  fulphur  with  an  alkali,  called  liver  of  fulphur,  is  a 
powerful  folvent  of  all  metals  except  zinc.  Nitre, 
heated  with  metals,  acts  in  the  fame  manner  as  it  does 
with  other  inflammable  bodies — it  deflagrates,  and 
the  metals  become  calcined.  The  perfect  metals  re- 
lift  the  action  of  nitre. 
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CHAP.  I. 

OF  SULPHUR,  VITRIOLIC  ACID,  AND  THE  COMBINA- 
TIONS THEY  FORM  WITH  OTHER  BODIES. 

OULPHUR,  or  brimftone,  is  a well-known  hard,  sulphur. 
^ brittle,  inflammable  fubftance,  of  an  opake  yellow  v v— — 

colour.  It  is  found  more  or  lefs  pure  in  the  neigh- 
bourhood of  volcanos,  where  moft  probably  it  is  al- 
ways expelled  from  fome  previous  ftate  of  combina- 
tion by  the  heat  of  fubterraneous  fires.  It  is  a very- 
common  ingredient  in  a great  variety  of  minerals  and 
ores  *,  but  it  is  extra&ed  for  fale  chiefly  from  a {tone  Pyrites, 
called  pyrites.  This  (lone  is  often  of  an  irregular 
globular  figure  ; and,  when  broken,  is  found  to  have  a 
radiated  texture,  the  fibres  ufually  converging  towards 
a centrp.  I heir  great  weight,  and  the  {hilling  golden 
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^ sulphur,  colour  of  fome  fpecimens,  often  lead  the  ignorant  to 
Pyrites.  ' fuppofe  them  rich  in  precious  metal.  The  contents 
of  the  pyrites  are  various  ; but  the  kind  here  fpoken  of 
contains  from  one  fixth  to  one  third  of  its  weight  of 
fulphur,  one  eighth  to  five  eighths  iron  in  a calcined 
ftate,  and  the  reft  clay  and  filiceous  earth.  They  give 
fire  plentifully  with  the  fteel  •,  whence  their  name  is 
derived.  A moderate  heat  will  expel  the  fulphur  from 
pyrites,  as  it  is  confiderably  volatile.  In  the  large 
way,  in  Germany  and  Italy,  the  pyrites  are  put  into 
earthen  cucurbits,  difpofed  in  a furnace  in  fuch  a 
manner  that  when  the  fulphureous  part  melts,  it  runs 
into  veflels  filled  with  water,  and  there  congeals. 

— fublimutiofy  Sublimation  is  neceflary  to  deprive  fulphur  of  the 
accidental  impurities  it  may  contain.  This  may  be 
done  in  an  earthen  cucurbit  fet  on  a fand  bath,  with 
a head  properly  adapted.  The  fulphur  rifes  by  a very 
gentle  heat,  little  more  than  is  fuflicient  to  melt  it ; 
and  the  fine  fublimate  thus  obtained  is  called  flowers  of 
brimftone. 

Water  has  no  immediate  a£tion  on  fulphur.  It  is 
faid,  however,  to  foften  the  outfide  by  long  conta£l 
with  it;  and  if  fulphur  be  heated  nearly  to  fuch  a 
degree  as  to  fet  it  on  fire,  and  then  poured  into  water, 
it  becomes  foft,  and  partly  tranfparent.  In  procefs  cf 
time  it  recovers  its  original  hardnefs  and  opacity.  If 
fleam  of  water  be  palled  over  fulphur  contained  in  a 
heated  earthen  tube,  inflammable  air  is  extricated  ei- 
ther from  the  fulphur  or  the  water,  and  comes  out  at 
the  end  of  the  tube*.  The  experiment  is  trouble-, 
feme  on  account  of  the  fulphur  fubliming. 


A£tion  of  water 
upon  fulphur. 


Pricftlcy,  VI.  150. 
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The  combinations  of  fulphur  with  earths  or  alkalis  sulphur. 
are  called  hepars,  or  livers  of  fulphur,  from  their  colour. 

There  is  no  perceptible  aClion  between  fulphur  and 
fiiicequs  earth.  Argillaceous,  earth  has  very  little 
a&ion  upon  it  in  the  direCt  way;  but  lime  unites 
readily  with  it.  If  freffi  quick-lime  and  flowers  of  Combination 

; ^ _ of  fulphur; 

fulphur  be  mixed,  and  water  be  added  a little  at  a with  lime ; 
time,  the  heat  of  the  lime  will  be  fufficient  to  produce 
the  combination.  On  addition  of  more  water,  it  be- 
comes reddiffi,  and  emits  a fetid  fmell  of  rotten  eggs, 
which  is  common  to  all  the  hepars.  The  more  cauflic 
the.  lime,  the  deeper  the  colour  of  the  hepar.  The 
: pure  fixed  alkalis  decompofe  calcareous  hepar,  by  vir- 
: tue  of  their  ftronger  affinity  to  the  fulphur : and  any 
.acid  whatever  decompofes  it,  by  attracting  the  lime; 
the  fulphur  at  the  fame  time  falling  to  the  bottom  in 
the  form  of  a fubtle  powder,  formerly  called  magiftery 
of  fulphur.  - . 

Pure  ponderous  earth  boiled  in  water  with  fulphur,  — with  pond*, 
has  but  little  a&ion  upon  it:  but  in  the  dry  way, 
when  ponderous  fpar,  or  the  combination  of  vitriolic 
acid  and  pondevaus  earth,  is  ftrongly  heated  in  a cru- 
cible with  charcoal,  a coherent  mafs  is  formed,  which 
is  foluble  in  water,  with  the  fmell  and  other  hepatic 
charaClers ; and  if  any  acid  be  added  which  will  form 
1 foluble  fait  with  the  ponderous  earth,  a precipitate 
of  fulphur  will  be  obtained. 

If  a fmall  quantity  of  magnefia,  and  an  equal  quan with  mapie- 

ity  of  flowers  of  fulphur,  be  inclofed  in  a veflel  per- 
eclly  filled  up  with  diddled  water,  and  well  (lopped, 
uid  then  expofed  to  heat  by  immerfion  in  boiling 
•vutcr  for  feveral  hours,  a combination  will  take  place, 

and 
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sulphur,  and  the  water  will  contain  a magnefian  liver  of  fulphur; 
"~v  from  which  the  earth  may  be  precipitated  by  the  ad- 
dition of  an  alkali,  which  will  unite  with  the  fulphur  ; 
or  the  fulphur  may  be  precipitated  by  an  acid,  which 
will  combine  with  the  earth. 

Combination  of  The  fixed  alkalis  combine  very  readily  with  fulphur, 
&edh»lkans.  either  in  the  moifi  or  dry  way,  whether  they  be  in  a 
pure  or  cauflic  flate,  or  combined  with  fixed  air; 
though  more  flrongly  in  the  former  than  the  latter 
cafe.  If  a folutiOn  of'  fixed  alkali  in  "water  be  boiled 
with  half  its  weight  of  powdered  fulphur,  a combiq^g 
tion  takes  place,  and  liver  of  fulphur  is  formed.  Or, 
if  equal  parts  of  dry  alkali  and  powdered  fulphur  be 
melted  in  a crucible,  and  poured  out  on  a flat  polifhed 
ftone,  as  foori  as  the  fufion  is  complete,  the  com-  i 
bination  will  be  of  a liver  colour,  and  is  the  folid 
hepar.  If  it  be  made  with  a pure  or  cauflic  alkali^ 
its  colour  is  deeper,  and  its  charadleriflic  proper- 
ties more  intenfe,  than  when  a mild  alkali  is  ufed. 

A folution  of  the  folid  hepar  in  water  forms  pre- 
cifely  the  fame  fubflance  as  the  preparation  made  in 
the  moifi  way. 

Hepatic  »ir.  The  peculiar  fetid  fmell  of  the  foil’d  hepar  when 
moiflened,  or  of  its  folution,  is  produced  by  the  emif- 
fion  of  a permanently  elaflic  fluid,  called  hepatic  air. 
This  fmell,  when  flrong,  is  infupportable,  and  fuddenly 
deflroys  animal  life.  Hepatic  air  is  very  foluble  in 
water,  which  it  converts  into  a flate  perfectly  refem- 
bling  that  of  the  fulphureous  mineral  fprings.  It  ren-tj 
ders  fyrup  of  violets  green,  blackens  the  calces  of  lead! 
and  bifmuth,  and  the  furface  of  filver.  Vital  air  de-ff 
compofes  it,  and  caufes  fulphur  to  be  depofited.  Itp 
' - deto* 
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detonates  with  vital  air  when  fet  on  lire.  It  is  not  sulphur. 
clearly  afcertained  in  what  manner  the  fulphur  is  fuf-  v 
pended  in  hepatic  air.  Sulphur,  melted  by  the  burn- 
ing glafs,  in  inflammable  air  over  mercury,  produces 
a fluid  which  has  the  properties  of  hepatic  air ; and  Hepatic  air. 

* if  inflammable  air  be  palled  through  melted  fulphur, 
it  becomes  converted  into  hepatic  air.  As  this  air 
is  not  obtained  from  hepar  unlefs  water  be  prefent,  it 
has  been  fuppofed  to  confill  of  fiilphur  volatilized,  in 
combination  with  inflammable  air,  extricated  by  a de- 
COmpofition  of  the  water ; whofe  other  component 
part,  namely,  vital  air,  is  fuppofed  to  unite  with  the 
fulphur.  It  is  even  aflerted  that  the  refidue  contains 

vitriolated  tartar. 

. % . 

Fluid  volatile  alkali  has  very  little  adlion  on  ful-  Volatile  liver  of 
phur;  but  a volatile  hepar  maybe  produced  by  the 
union  of  alkaline  air  with  fulphur  in  the  vaporous 
Hate.  If  equal  parts  of  quick-lime  and  fal  ammoniac 
be  mixed  together  with  half  a part  of  fulphur,  and 
diflilled  with  the  pneumatic  apparatus  (fig.  15  and  21), 
with  a fmall  quantity  of  water  in  the  receiver,  a ved- 
difh  yellow  hepatic  liquor  will  be  obtained,  which  is 
t the  volatile  hepar,  and  was  formerly  known  by  the 
name  of  the  fuming  liquor  of  Boyle ; fo  called  from 
its  inventor,  and  from  the  white  fumes  it  emits  in  the 
air. 

Sulphur  combines  with  moil  metallic  bodies  in  the 
dry  way.  Oils  likewife  diflolve  it,  and  form  com-  Balfamss. 
pounds  called  balfams. 

* Haflcnfratz  in  Phil.  Tranf.  Vol.  LXXVII.  p.  306. 
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Combuftion  of 

\ 

felphur. 


Volatile  vitriolic 

add. 


\ 


Oil  of  vitriol. 


Vitriol  cf  iron. 


When  fulphur  is  heated  in  an  open  veflel,  it  melts.; 
and  foon  afterwards  emits  a blueifh  flame,  vilible  in  the 
dark ; but  which,  in  open  day  light,  has  the  appear- 
ance of  a white  fume.  This  flame  has  a fuffocating 
fmell ; and  has  fo  little  heat  that  it  will  not  fet  fire  to 
flax,  and  may  even  be  fufFered  to  play  againft  the 
palm  of  the  hand  without  any  eonfiderable  inconve- 
nience. In  this  way  the  fulphur  may  be  entirely  con- 
fumed.  If  the  heat  he  (till  augmented,  the  fulphur 
boils,  and  fuddenly  burfts  into  a much  more  luminous 
flame  -,  the  fame  fuffocating  vapour  ftill  continuing  to 
be  emitted. 

The  fuffocating  vapour  of  fulphur  is  imbibed  by  | 
water,  with  which  it  forms  the  fluid  called  volatile 
vitriolic  acid.  If  this  fluid  be  expofed  for  a time  to  ; 
the  air,  it  lofes  the  fulphureous  fmell  it  had  at  firft,  ; 
and  the  acid  becomes  more  fixed.  It  is  then  the  fluid,  i 
which  was  formerly  called  fpirit  of  vitriol.  Much  of* 
the  water  may  be  driven  off  by  heat ; and  the  denfe  j 
acid  which  remains  is  the  vitriolic  acid,  commonly 
called  oil  of  vitriol:  a name  which  was  probably  given 

— i • 

to  it. from  the  little  noife  it  makes  when  poured  out;. 

i'i  - .;j 

and  the  unctuous  feel  it  has  when  rubbed  between  th<? : 

■ • :**•  j " 

fingers,  produced  by  its  corroding  and  deft  roving  the 
flvin,  with  which  it  forms  a foapy  compound. 

The  pyrites  before  mentioned,  which  confift,  for 
the  moft  part,  of  fulphur  and  iron,  are  found  to  be; 
converted  into  the  fait  called  vitriol  of  iron  by  expo-' 
fure  to  air  and  moifture.  In  this  natural  procefs  the 
pyrites  break,  and  fall  in  pieces;  and  if  the  change; 
take  place  rapidly,  a eonfiderable  increafe  of  tempera-;  i 
ture  follows,  which  is  fometimes  fufficicnt  to  fet  the  | 
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j rnak  on  fire.  By  conducting  this  operation  in  an  sulphur. 

J accurate  way,  it  is  found  that  vital  air  is  abforbed.  v 
The  vitriol  is  obtained  by  folution  in  water,  and  fub- 
i iequent  evaporation *,  by  which  the  cryllals  of  the  fait 
are  feparated  from  the  earthy  impurities  which  were 
I not  fuipended  in  the  water. 

I he  vitriolic  acid  was  formerly  obtained  by  diftilla-  Diftillation  of 
r . . vitriol. 

J :ion  irom  vitriol  of  iron.  When  this  fait  is  expofed  to 

I aeat,  the  vitriolic  acid  comes  over,  at  firft  attended 

|i  with  a large  quantity  of  volatile  fulphvtreous  vapour  ; 

6 md,  towards  the  end,  there  is  a production  of  pure 

1 lephlogifticated  air.  The  acid  which  rifes  laft  has  a 

j oncrcte  cryftalline  form.  The  acid  obtained  in  this 

I trocefs  is  black,  and  requires  to  be  purified  by  a 

econd  dillillation,  or  rectification,  in  which  the  vola- 

j iie  iulphureous  acid  comes  over,  and  leaves  the  denfe 

_ ’ ■ 

; : ’itriolic  acid  behind. 

hloft  of  the  vitriolic  acid  now  ufed  is  produced  by  Manufafturcof 
|j  he  combuftion  of  fulphur.  There  are  three  condi- ' *tr*°^c  acid* 

I!  10ns  requifite  in  this  operation.  Vital  air  muft  be 
j | refent,  to  maintain  the  combuftion  j the  veflel  muft  be 
j lofe,  to  prevent  the  efcape  of  the  volatile  matter  which 
iles ; and  water  muft  be  prefent,  to  imbibe  it.  For 
||  hele  purpofes,  a mixture  of  eight  parts  of  fulphur  with 
! *ne  of  nitre  is  placed  in  a proper  veil'd,  inclofed  within 
r chamber  of  confiderable  fize,  lined  on  all  fides  with 
| "at1,  ancl  c°vered  at  bottom  with  a (hallow  ftratum  of 
1 r^e  mixture  being  fet  on  fire,  and  ftiut  up, 

f VlU  burn  for  a confiderable  time,  by  virtue  of  the  fup- 
■ly  of  vital  air  which  nitre  gives  out  when  heated} 
nd  the  vvatei,  imbibing  the  fulphureous  vapours,  be- 
’ omes  gradually  more  and  more  acid,  after  repeated 
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Chara&ers  of 
vitriolic  acid. 


combuftions;  and  tbe  acid  is  afterwards  concentrated^ 
by  diftillatiou. 

Pure  vitriolic  acid  is  colourlefs,  and  emits  no  fumesjfl 
It  ftrongly  attracts  water,  which  it  takes  from  thejil 


Combination  of 
vitriolic  acid  and 
clay. 


Preparation  of 
alum. 


atmofphere  very  rapidly,  and  in  large  quantities,  ifi 
fullered  to  remain  in  an  open  veflel.  If  it  be  mixed 
with  water,  it  produces  an  inftantaneous  heat,  nearly 
equal  to  that  of  ebullition.  Its-  action  upon  all  the 
earths  except  the  filiceous,  upon  the  alkaline  falts 
upon  many  metals,  and  almolt  every  other  combuftible 
fubftance,  is  very  ftrong. 

With  argillaceous  earth  it  forms  alum.  This  well- 
known  fait  has  a peculiar  auftere  or  aftringent  tafte  ; id 
foluble  in.  about  fifteen  times  its  v/eight  of  water,  afl 
the  temperature  of  6o°,  and  in  a much  lefs  quantity  aC 
higher  temperatures  *,  from  which  it  may  be  feparated 
in  the  form  of  permanent  cryftals.  It  fufes  at  a mo- 
derate heat,  and  froths  up  till  its  water  of  cryftalliza- 
tion  is  evaporated  ; at  which  period  it  has  the  form  of 
a white  friable  fubftance,  called  calcined  alum,  whicl 
retains  the  greateft  part  of  its  acid  when  not  to 
much  heated  ; and  may  again  be  reftored  to  its  ori- 
ginal form  by  adding  the  water  it  had  loft  by  the  heat- 

Alum  is  not  made  for  the  purpofes  of  commercd 
by  a dire£l  combination  of  the  vitriolic  acid  and  clay, 
but  is  extra&ed  from  fubftances  ufually  called  alu 
ores,  which  either  are,  or  probably  were  originally 
competed  of  clay  and  fulphur.  From  fuch  as  contaii 
the  alum  ready  formed,  as  is  the  cafe  with  earths  of  thi 
kind  found  in  the  neighbourhood  of  volcanos,  it  i- 
cxtra£led  by  lixiviation  in  water,  and  fubfequent  eva 
poration.  But  other  fubftances,  fuch  as  pyrites  an 

aluni 
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alum  flates,  require  to  be  burned  or  expofed  to  the  vitriolic 
air  and  moifture  for  a time,  before  any  alum  can  t ACJD’ 
be  had  from  them.  Thefe  procefies  convert  the 
fulphur  jnto  vitriolic  acid.-  Alum  works  have  long 
been  eftablifhed  in  Britain,  and  many  other  parts  of 
the  world. 

The  acid  in  alum  is  not  faiurated.  If  a folution  of 
alum  be  boiled  upon  clay,  a ccmfiderable  portion  of  the 
latter  will  unite  with  the  fait,  and  form  a combination 
which  is  much  lefs  foluble  than  the  alum  itfelf. 

With  calcareous  earth  the  vitriolic  acid  forms  gyp-  vitriollt  acii 
'fum,  or  plafter  of  Paris.  This  faline  fubftance  is  plen-  p ^04!^* 
tifully  found  in  nature ; and  is  known  by  different 
names,  according  to  its  texture  and.  external  appear- 
ance. The  lapis  fpecularis  and  alabaftcr  arc  of  this 
kind.  It  requires  about  five  hundred  times  its  weight 
of  water  to  diflolve  it  at  the  temperature  of  6o°,  and 
has  for  that  reafon  been  reckoned  an  earth.  Its  chief 
ufe  has  been  already  adverted  to. 

With  ponderous  earth  the  vitriolic  acid  forms  the  —with  ponSe-r 
ponderous  lpar,  or  marmor  metalhcum.  p IOJ. 

With  magnefia  it  forms  Epfom  fait,  which  has  a — with  magtx- 
bitter  tafte.  This  is  foluble  in  its  own  weight  0f flJ'  100 * 
water,  at  the  temperature  of  6o° ; and  by  evaporation 
it  is  recovered  in  cryflals,  which  are  difpofed  to  efflo^ 
refee,  or  become  converted  into  a dry  powder  by  expo- 
fure  to  air. 

W ith  the  vegetable  alkali  this  acid  forms  a fait  —with  icgeubin 
commonly  called  vitriolated  tartar,  which  is  foluble  in 
about  Cxteen  times  its  weight  of  water,  at  the  tempe- 
rature of  6o°  and  from  which  it  may  again  be  recove- 
red by  evaporation  in  the  form  of  permanent  cryflals. 

5 With 


alkali. 
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buitible  matter. 


Aeriform  vitrio- 
lic acid. 


Page  134. 


With  the  mineral  or  marine  alkali,  the  vitriolic  acid 
forms  Glauber’s  fait,  which  requires  only  three  times 
its  weight  of  water  to  diffolve  it  at  the  fame  tempera- 
ture. It  is  more  foluble  in  hot  than  cold  water ; and 
may  therefore  be  feparated  from  a hot  faturated  folu- 
tion,  either  by  cooling  or  by  evaporation.  Its  cryftals 
are  ufually  large  and  well  formed  j but  they  lofe  their 
water  of  cryftallization,  which  amounts  to  near  half 
their  weight,  by  expofure  to  the  air,  and  fall  into  an 
efflorefcence,  or  white  powder. 

The  combination  of  the  vitriolic  acid  with  volatile 
alkali,  is  called  vitriolic  ammoniac.  It  is  foluble  in 
twice  its  weight  of  cold  or  an  equal  weight  of  hot  wa- 
ter*, and  affords  cryltals  either  by  cooling  or  evapora- 
tion, which  are  permanent,  or  flightly  difpofed  to  attradl 
moifture  and  deliquefce.  Some  chemifts  affert  that  it 
is  volatile,,  and  others  affirm  the  contrary.  Upon 
examination,  it  would  probably  be  found  that  the  acid 
or  alkali,  or  both,  are  decompofed  by  heat. 

When  any  combuftible  fubftance  is  added  to  the 
concentrated  vitriolic  acid,  the  fluid  becomes  black  3 and 
emits  white  vapours,  which  are  of  an  exceedingly  pun- 
gent fulphureous  fmell ; and,  if  received  over  mer- 
cury, are  found  to  confifl  of  a peculiar  aeriform  fluid, 
which  is  not  condenfable  into  the  fluid  flate  except  by 
a very  great  degree  of  cold  *.  It  is  foluble  in  water, 
which  it  converts  into  volatile  vitriolic  acid,  of  exaftly 
the  fame  nature  as  that  obtained  by  the  combuftion  of 
fulphur.  Whence  it  follows,  that  the  fumes  of  ful- 
ph.ur  confift  of  this  kind  of  air,  rendered  vifible  by 


•j 

i 

-1 


This  was  cffc&cd  by  M.  Mongc.  Sec  Fourcroy’s  Chcmiftry, 
Vol.  I.  p*  xxxi. 
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the  moiflure  it  meets  and  combines  with  in  the  atmo-  vitriolic 

fphere.  Boiling  vitriolic  acid  a£ls  upon  moft  metals,  v } 

and  affords  vitriolic  acid  air,  and  with  fome  of  them 
fulphur  ; but  with  fuch  metals  as  it  can  a£t  upon 
when  confiderably  diluted,  it  affords  inflammable  air. 

When  this  acid  is  diflilled  from  metals  to  drynefs,  the 
latter  produdf  is  vital  air. 

The  fulphureous  or  volatile  vitriolic  acid  forms  faline  Sulphureous 

r . # acid, 

combinations  with  earths,  alkalis,  and  metals ; but  its 
attraction  to  thefe  bafes  is  much  lefs  than  that  of  the 
vitriolic  acid.  Expofure  to  the  air  for  a length  of 
time  changes  thefe  falts  into  common  vitriolic  falts, 
in  the  fame  manner,  doubtlefs,  as  it  changes  the  ful- 
phureous acid  into  the  common  vitriolic  acid. 

Vitriolic  acid  air  is  heavier  than  common  air  ; and,  Characters  -of 
like  every  other  permanently  elaflic  fluid,  except  vital 
air  and  its  compounds,  it  extinguifhes  combuftion,  and 
deflroys  animal  life.  If  alkaline  air  be  mixed  with  it, 
the  airs  combine,  and  form  a beautiful  white  cloud, 

• which  becomes  condenfed,  and  is  found  to  be  vitriolic 
ammoniac  ; at  the  fame  time  that  a yellow  fubftance 
. is  feparated,  which  feems  to  be  fulphur.  Water  im- 
pregnated with  this  air  may  be  frozen  without  parting 
with  it ; and  if  fuch  impregnated  water  be  expofed  to 
heat  for  many  days  in  a glafs  veffel  hermetically  fealed 
(that  is  to  fay,  clofcd  by  melting  its  aperture  with  a 
blow-pipe),  it  depofits  fulphur  *. 

The  converfion  of  fulphur  into  the  vitriolic  acid,  Vitriolic  nciA 
and,  contrary-wife,  of  the  acid  into  fulphur,  being  pui^hur.^ d 
tffedls  of  great  importance  in  chemical  theory  j it  be- 
:ame  a defirable  objedl  to  perform  the  latter,  in  order 


* Prieftley,  IV.  124, 
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to  confirm  fuch  reafoning  as  was  adopted  refpecting 
the  former.  As  it  is  evident  that  fulphur  becomes 
vitriolic  acid  by  combuftion,  it  mull  follow  by  analogy, 
from  what  happens  in  the  revival  or  reduction  of 
burned  metals,  or  metallic  calces,  that  fulphur  might 
be  revived  from  vitriolic  acid,  by  expofing  it  to  heat 
with  fome  more  combuftible  fubftance.  A difficulty 
however  prefented  itfelf  in  this  attempt,  which  was, 
that  the  vitriolic  acid,  being  rendered  volatile  by  the 
addition  of  a combuftible  body,  would  elude  the  at- 
tempt to  expofe  it  to  a confiderable  heat.  This,  no 
doubt,  was  the  circumftance  that  directed  the  atten- 
tion  of  the  great  founder  of  the  theory  of  phlogifton 
(Stahl)  to  the  neutral  falts ; in  which  the  acid  is  not  | 
only  highly  concentrated,  but  combined  with  a more 
fixed  body,  namely,  the  alkali.  He  fufed  equal  parts 
of  fixed  alkali  and  vitriolated  tartar  in  a crucible  ; to 
which  he  added  half  a part  of  powdered  charcoal. 
This  mixture  being  well  ftirred  together,  and  heated 
llrongly  for  a very  fhort  fpace  of  time,  was  poured 
out,  all  fparkling,  upon  a fmooth  ftone  previoufly 
greafed.  The  compound,  when  cooled,  was  found  to 
be  a true  liver  of  fulphur ; from  which,  after  folution 
in  water,  and  precipitation  by  adding  an  acid,  the  ful- 
phur was  obtained. 

When  the  eleCtric  fpark  pafies  between  two  furfaces 
of  vitriolic  acid  confined  in  a bended  glafs  tube,  there 
is  a production  of  vital  air. 

Such  are  the  principal  fa£ts  relating  to  fulphur  and 
the  vitriolic  acid  ; which,  when  confidered  with  a view 
to  theoretical  arrangement,  are  found  to  be  more  im*' 
mediately  connected  than  at  firft  view  they  may  feem> 
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to  be.  The  combuftion  of  fulphur  is  of  the  fame  vitriolic 
nature  as  every  other  combuftion.  Vital  air  is  ab-  t acid.  ^ 
forbed,  and  the  inflammable  principle  is  fuppofed  to  be  Theory, 
extricated.  The  fulphur,  thus  deprived  of  its  phlo- 
gifton,  and  united  to  vital  air,  becomes  an  acid ; which 
is  not  completely  changed  until,  by  fubfequent  expo- 
lure  to  the  common  air,  it  has  imbibed  ftill  more  of 
the  vital  part,  and  the  remaining  phlogifton  has  been 
diffipated.  The  decompofition  of  pyrites  is  a pheno-  Decompofition 
menon  of  the  fame  kind,  but  is  performed  more  gra-  pymes‘ 
dually,  and  of  courfe  with  the  accumulation  of  lefs 
heat.  The  fulphur  of  thefe  combinations  attracts  the 
vital  part  of  the  air  by  an  a&ion  which  is  fuppofed  to 
be  increafed  by  the  ftrong  tendency  of  the  iron  to 
combine  with  the  acid  that  refults  from  the  union  $ 
the  phlogifton  being  diffipated  for  the  fame  reafon. 

Inftead,  therefore,  of  a combination  of  iron  and  ful- 
phur, they  become  converted  into  vitriol,  in  which  an 
acid  is  found : and  as  this  procefs  confifts  of  the  ab- 
forption  of  vital  air,  and  difengagement  of  phlogifton, 
it  is  a true  combuftion  j with  this  only  modification, 
that  the  heat  is  feldom  extricated  fo  rapidly  as  to  pro- 
duce the  appearances  of  ignition  and  flame,  but  is 
conduced  off  by  the  furrounding  bodies  nearly  as  faft 
as  it  is  generated. 

In  the  diftillation  of  vitriolic  acid  from  vitriol  of  Black  vitriolic 
iron,  the  acid  is  rendered  black  and  fulphureous  from 
the  iron,  which  was  not  completely  dephlogifticated 
or  calcined  during  its  original  combination  with  the 
acid : for  the  phlogifton  of  the  iron  is  fuppofed,  in 
this  diftillation,  to  unite  with  the  acid,  and  form 
fulphur  i while  the  portion  of  the  vital  air  which  con- 
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the  calx,  and  is  afterwards  driven  off  towards  the  end 
of  the  procefs.  A cryltalline  or  concrete  form  of  the 
acid  is  fometimes  produced  by  its  holding  the  vitriolic 
acid  air  in  folution.  If  this  be  driven  off  by  heat,  the 
acid  will  be  pure.  Hence  it ‘is  clear  that  the  volatile 
vitriolic  acid  differs  in  fa£I  from  the  pure  vitriolic  acid, 
in  the  circumftance  that  it  holds  fulphur  in  folution. 
And  the  vitriolic  acid  air  is  the  fame  acid  with  ful- 
phur, but  with  much  lefs  water,  if  any. 


Mutual  aftion  of  The  change  in  the  vitriolic  acid  produced  by  the 
and  combuftible  addition  of  a combuftible  fubftance,  is  explained  with 
hjdics"  equal  facility  ; for  it  is  the  reverfe  of  the  inflammation 


of  fulphur.  The  pure  air  of  the  acid  is  abforbed  by 
the  combuftible  body  ; while  the  phlogifton  of  thisi 
laft  unites  with  the  bafe  of  the  fulphur,  and  form  sit 
fulphur.  This  fulphur  renders  the  acid  volatile  ; and! 
it  comes  over  in  the  aerial  form,  together  with  water. 
If  the  combuftible  body  be  of  fuch  a nature  as  to  leave 
a lixed  refidue,  to  which  the  laft  portions  of  acid  mayj 
unite  after  all  the  water  is  diiftpated,  fulphur  will 
come  over  alone.  Or  if  all  the  fulphur  be  driven  off) 
either  with  the  water  or  after  it,  the  laft  produdt  will 


confift  of  the  vital  air  which  adhered  to  the  refidue 


or  lixed  calx  of  the  combuftible  body.  When  the  di- 
luted vitriolic  acid  a£ls  upon  a metal,  and  difengagei 
inflammable  air,  the  acid  unites  entirely,  and  withous 
decompofition,  to  the  calx,  and  the  phlogifton  flies  of 
in  the  aerial  form. 

Liver  of  fulphur  An  explanation  nearly  fimilar  maybe  applied  to  thl 


let 

It 


lartar.  formation  of  liver  of  fulphur,  when  vitriolated  tartajj 

is  fufed  with  an  alkali  and  charcoal..  Vitriolated  tartai 
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Confiding  of  vegetable  alkali  united  to  vitriolic  acid,  vitriolic 

is  decOmpofed  by  charcoal.  This  uniting  with  the  vital  ^ j 

air  of  the  acid,  at  the  lame  time  that  it  communicates  Theory, 
its  phlogidon  to  the  bafe,  converts  the  acid  into  ful- 
phur : the  additional  alkali  ferves  only  to  afhd  the  fu- 
fion  of  the  original  mafs,  and  to  prevent  the  diflipation 
of  the  fulphur  by  combining  with  it. 

Thus  far  we  have  admitted  the  inflammable  princi-  Antiphlogiftic 

, . .f  . theory. 

pie  in  our  explanation ; and  it  mud.be  admitted,  11  it 
can  be  {hewn  that  fulphur  contains  it.  We  mud 
confefs  however  that  this  has  not  been  proved ; and 
that  inflammable  air  has  never  been  obtained  direttly  . 
from  fulphur,  except  a fmall  quantity,  by  pafling  deam 
of  water  over  it  when  heated  in  an  earthen  tube  % •,  in 
which  cafe  the  original  doubt  prefents  itfelf,  whe-  PaSe  95- 
ther  the  air  come  from  the  fulphur  or  the  water.  The 
modern  theory,  which  rejedfs  phlogidon,  accounts  for 
the  preceding  fadfs  Amply  by  the  abforption  or  extri-  ✓ 
cation  of  vital  air.  Sulphur  is  taken  to  be  a fimple 
fubdance.  The  combudion  of  fulphur  confids  of  the 
rapid  combination  of  that  fubdance  with  vital  air ; 
which,  at  the  fame  time,  gives  out  its  heat  as  its  capa- 
city is  diminifhed.  A fmaller  proportion  of  vital  -air, 
with  the  fulphur,  compofes  the  volatile  vitriolic  acid, 
whether  in  the  aerial  form,  or  mixed  with  water : a 
larger  dofe  forms  the  complete  vitriolic,  acid.  If  a 
combudible  body  be  added  to  vitriolic  acid,  this  body 
becomes  burned,  or  calcined,  by  uniting  with  part  of 
the  vital  air  of  the  acid  ; the  remainder  confequently 
has  an  over-proportion  of  fulphur,  and  therefore  be- 
comes volatile.  If  the  abforption  of  pure  air  be  fuf- 

* Prieftley,  VI.  150. 
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ficiently  copious,  the  acid  is  reftored  to  its  former  ftate, 
and  becomes  fulphur  again.  When  the  combuiLible 
body  is  metallic,  the  pure  air  may,  in  fome  cafes,  be 
driven  out  by  heat  from  the  refidue.  And  laftly,  when 
inflammable  air  is  obtained  by  the  folution  of  metals 
in  the  diluted  acids,  it  is  taken  for  granted  that  it  arifes 
from  the  decompofition  of  the  water,  whofe  vital  air, 
uniting  with  the  metal,  confidered  as  a principal  fub- 
Itance,  calcines  it ; while  the  inflammable  part  flies 
off,  and  the  acid  does  nothing  more  than  diflolve  the 
calx,  and  by  that  adtion  facilitates  its  formation. 

The  detonation  of  hepatic  with  vital  air  may  be 
readily  explained  on  either  hypothefis ; whether  it  be 
fuppofed  to  confift  chiefly,  if  not  entirely,  in  the  com- 
buftion  of  the  fulphur,  which  mull  by  that  means 
be  fuddenly  converted  into  vitriolic  acid  air  j or  limply 
©f  the  inflammable  air,  while  the  fulphur  is  depofited, 
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OF  THE  NITROUS  ACID,  ITS  COMPONENT  PARTS,  AND 

COMBINATIONS. 

THE  nitrous  acid  is  obtained  from  the  fait  called  nitrous 
nitre  or  faltpetre,  which  confifts  of  the  acid  It-  t j 

felf  united  to  the  vegetable  alkali.  This  fait  is  never  Production  at 

...  . nitre. 

found  in  Confiderable  quantities  in  nature,  but  is 
evidently  produced  by  a concurrence  of  circumftances. 

The  nitrous  acid  appears  to  be  produced  in  all  fixa- 
tions where  animal  matters  are  completely  decom- 
pofed,  with  accefs  of  air,  and  of  proper  fubftances  with 
which  it  can  readily  combine.  Grounds  frequently 
trodden  by  cattle,  and  impregnated  with  their  excre- 
ments ; or  the  walls  of  inhabited  places  where  putrid 
animal  vapours  abound,  fuch  as  flaughter-houfes,  drains, 
or  the  like,  afford  nitre  by  long  expofure  to  the  air. 

Artificial  nitre  beds  are  made  by  an  attention  to  the  Nitre  bed*, 
circumftances  in  which  this  fait  is  produced  by  nature. 

Dry  ditches  are  dug,  and  covered  with  fheds,  open  at 
the  fides,  to  keep  off  the  rain : thefe  are  filled  with 
animal  fubftances — fuch  as  dung,  or  other  excrements, 
with  the  remains  of  vegetables;  and  old  mortar,  or  other 
loofe  calcareous  earth,  this  fubftance  being  found  to 
be  the  heft  and  moft  convenient  receptacle  for  the  acid 
to  combine  with.  Occafional  watering,  and  turning 
up  from  time  to  time,  are  neceffary  to  accelerate 
the  procefs,  and  increafe  the  furfaces  to  which  the  air 
may  apply.  After  a fucceflion  of  many  months,  more 
or  lefs,  according  to  the  management  of  the  operation, 
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nitre  is  found  in  the  mafs.  If  the  beds  contained  much 
vegetable  matter,  a confiderable  portion  of  the  nitrous 
fait  will  be  common  faltpctre  ; but,  if  otherwife,  the. 
acid  will,  for  the  moll  part,  be  combined  with  the 
calcai-eous  earth. 

To  extract  the  faltpetre  from  the  mafs  of  earthy 
matter,  a number  of  large  calks  are  prepared,  with  a 
cock  at  the  bottom  of  each,  and  a quantity  of  ftraw 
within,  to  prevent  its  being  flopped  up.  In  thefe  the 
matter  is  put,  together  with  wood-afhes,  either  ftrewed 

y 

at  top,  or  added  duripg  the  filling.  Boiling  water  is 
then  poured  on,  and  fullered  to  ftand  for  fome  time  \ 
after  which  it  is  drawn  off,  and  other  water  added  in 
the  fame  manner,  as  long  as  any  faline  matter  can  be 
thus  extradled.  The  weak  brine  is  heated,  and  pafled 
through  other  tubs,  until  it  becomes  of  confiderable 
ferength.  It  is  then  carried  to  the  boiler,  and  contains 
nitre  and.  other  falts ; the  chief  of  which  is  common 
culinary  fait,  or  the  marine  acid  united  to  the  mineral 
alkali,  or  fometimes  to  magnefia.  It  is  the  property  of 
nitre  to  he  much  more  foluble  in  hot  than  cold  water  \ 
but  common  fait  is  foluble  very  nearly  as  much  in  cold 
as  in  hot  water.  Whenever,  therefore,  the  evaporation 
is  carried  by  boiling  to  a certain  point,  much  of  the 
common  fait  well  fall  to  the  bottom,  for  want  of  water 
to  hold  it  in  folution,  though  the  nitre  will  remain-  fuf- 
pende.d  by  virtue  of  the  heat.  The  common  fait  thus 
feparated  is  taken  out  with  a perforated  ladle ; and  a 
fmall  quantity  of  the  fluid  is  cooled,  from  time  to  time, 
that  its  concentration  may  be  known  by  the  nitre 
which  cryflallizes  in  it.  When  the  'fluid  is  fufficient- 
ly  evaporated,  it  is  taken  out  and  cooled,  and  great 
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part  of  the  nitre  feparates  in  cryftals  ; while  the-  re- 
maining common  fait  continues  dilTolvcd,  becaufe 
equally  loluble'  in  cold  as  in  hot  water.  Subfequent 
evaporation  of  the  refidue  will  feparafe.  more  nitre  in 
the  fame  manner. 

This  nitre,  which  is  called  nitre  of  the  firft  boiling,  Purification  of 
contains  fome  common  fait;  from  which  it  may  be  nltre* 
purified  by  l'olution  in  a fmall  quantity  of  water,  and 
lubiequent  evaporation  : for  the  cryftals  thus  obtained 
are  much  lefs  contaminated  with  common  fait  than 
before ; bccaufe  the  proportion  of  water  is  fo  much 
larger,  with  refpedt  to  the  fmall  quantity  contained  by 
the  nitre,  that  very  little  of  it  will  cryftallize.  For 
nice  purpofes,  the  folution  and  cryftallization  of  nitre 
are  repeated  four  times.  The  cryftals  of.  nitre  are 
. ufually  of  a prifmatic  form. 


If  nitre  be  expofed  to  a ftrong  heat,  it  melts,  and  Decomposition 
: becomes  red  hot ; and  the  volatile  produdt  is  found  to  °ltre  ^ llcat" 


: confift  of  fuming  nitrous  acid,  a large  quantity  of 
vital  air,  and  fome  phlogifticated  air;  the  alkali  remain- 
ing behind,  fomewhat  altered  by  a portion  of  the  earth 
of  the  retort  which  it  has  difTolved.  Moft  other  nitrous 
falts  give  out  vital  air  by  the  fame  treatment.  The 
extreme  difficulty  of  afcertaining  the  weights  of  aerial 
products,  and  of  the  fixed  refidues,  renders  it  an  em- 
barraffing  talk  to  {hew  by  real  experiment  what  hap- 
pens in  this  operation  among  the  principles  of  nitre. 

When  a combuftible  body  and  nitre  are  brought  Deflagration  of 
ii.to  contact,  either  of  them  being  previoufly  heated 
red  hot,  the  body  is  burned  with  great  rapidity,  no 
doubt  by  the  vital  air  which  the  nitre  affords  by  the 
heat ; for  the  experiment  fucceeds  in  vacuo,  and  alfo 
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when  the  bodies  are  furrounded  by  any  aerial  fluid 
( incapable  of  maintaining  combuftion.  This  rapid 
combuftion,  eflfetted  by  means  of  nitre,  is  called  defla- 
gration, when  it  is  performed  by  a fucceflive  burning 
of  the  parts  of  the  body  ; or  detonation,  when  the  com- 
buftion of  the  whole  is  performed  in  fo  fhort  a time 
as  to  appear  inftantaneous.  In  this  experiment  it  is 
remarkable  that  the  combuftion  is  maintained  by  vital 
air  which  is  not  in  the  elaftic  ftate,  but  fixed  in  the 
nitre.  Whence  it  fhould  follow,  that  either  the  vital 
air,  or  the  combuftible  body,  even  in  the  fixed  ftate, 
has  a great  capacity  for  heat,  of  which  it  muft  contain  a 
large  quantity,  on  the  hypothefis  of  heat  being  matter. 
Or,  if  heat  be  a mere  commotion,  it  will  follow,  that 
though  the  quantity  of  agitation  produced  by  the  fud- 
den  coalition  of  particles,  in  the  a£t  of  converting  an 
elaftic  fluid  into  a denfe  body,  be  fuch  as  to  produce  a 
« great  effect  in  increafing  the  temperature ; yet  the 
quantity  is  ftill  fo  confiderable,  when  vital  air  and 
combuftible  matter  unite  even  in  their  denfe  ftate,  as 
to  caufe  the  moft  intenfe  degree  of  ignition. 

This  property  of  nitre  has  been  applied  to  the  pro-  \ 
dudftion  of  a fubftance  which  has  greatly  afte&ed  the  j 
habits  of  human  fociety,  particularly  in  thofe  wars  i 
which  unfortunately  their  vices  too  often  produce,  j 
The  invention  of  gunpowder  has  totally  changed  the  , 
military  fyftem  of  nations;  and  has  probably  fupprefled  I 
much  of  that  malice  and  inveterate  rancour  which  i 
a&uate  the  minds  of  combatants  who  meet  hand  toll 
hand,  inftead  of  managing  the  inftruments  of  indiferi-  ji 
minate  daughter  at  a diftance.  This  deftru&ive  pow-»  <1 
der  is  compofed  of  feventy-five  parts  by  weight  of!  j 
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nitre,  fixteen  of  charcoal,  and  nine  of  fulphur,  inti-  nitrous 
mately  blended  together  by  long  pounding  in  wooden  ^ acid.  ^ 
mortars,  witlx  a fmall  quantity  of  water.  This  pro-  Composition  of 
portion  of  the  materials  is  the  mod  effectual  j but  the  gunFowder• 
circumdance  on  which  its  efferit  more  particularly  de- 
pends is,  the  accurate  mixture  of  the  parts.  Gunpow- 
der is  granulated  by  making  the  mafs  into  a diff  pade, 
and  agitating  it  upon  a wire  lieve,  which  cuts  it  into 
fmall  parts ; and  thefe  being  fhaken,  or  rolled  in  a 
barrel,  take  a rounded  form  by  their  mutual  fridrion 
againd  each  other.  When  any  grain  of  a heap  of 
gunpowder  is  fet  on  fire,  the  detonation  begins,  and 
is  propagated  with  amazing  rapidity  through  the  in- 
terftices  of  the  grains  ; a large  quantity  of  permanently 
elaftic  fluid,  confiding  of  one-third  fixed  air,  and  the 
red  phlogidicated  air  *,  being  at  the  fame  time  pro- 
duced. The  expanfion  of  the  elaftic  produdts  is  the 
caufe  of  the  well-known  effedts  of  gunpowder.  It  is 
faid  that  gunpowder  is  much  weaker  for  being  granu- 
lated. If  the  grains  be  pulverized,  it  is  certain  that 
the  effedt  is  much  lefs,  on  account  of  the  inflammation 
being  propagated  more  flowly ; but  the  aflertion  may 
neverthelefs  be  true  of  powder  which  is  newly  made, 
and  has  never  been  grained.  Gunpowder  which  has 
been  fuffered  to  become  damp,  fcarcely  ever  recovers 
its  former  force  ; mod  probably  be, caufe  the  nitre,  by 
a partial  folution,  becomes  feparated  from  the  mafs  in 
more  didindt  faline  crydals  than  hefore ; and  the 
wetting,  which  is  necefi'ary  to  the  procefs  of  granu- 
lating, may  weaken  the  powder  in  the  fame  way. 

Berthollet,  in  the  Mem.  Acad.  Par.  1781,  page  231. 

When 
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When  three  parts  by  weight  of  nitre,  two  of  mild 
^ vegetable  alkali,  and  one  of  flowers  of  fulphur,  are 
rubbed  together  in  a warm  mortar,  they  compofe  a 
powder  known  by  the  name  of  fulminating  powder. 
The  effects  of  this  powder,  when  fufed  in  a ladle,  and 
then  fet  on  fire,  are  aftonifhing.  The  whole  of  the 
melted  fluid  explodes  with  an  intolerable  noife  5 and 
the  ladle  is  commonly  disfigured,  as  if  it  had  received 
a flrong  concuflion  downwards.  A drachm  of  the 
powder  makes  a report  as  loud  as  a cannon ; but 
the  noife  of  a few  grains  is  fufficiently  unpleafant  in  a 
room.  It  has  very  little  effeCtj  unlefs  firft  melted. 
A mixture  of  liver  of  fulphur  with  twice  its  weight 
of  nitre,  produces  the  fame  explofion,  though  in  lefs 
time;  whence  it  appears  that  the  alkali  and  fulphur 
of  the  former  preparation  form  a liver  of  fulphur  ; and 
that  the  explofion,  in  all  probability,  arifes  from  the 
fudden  extrication  of  hepatic  air  from  the  liver  of 
fulphurj  and  vital  air  from  the  nitre,  which  buri\  the 
inftant  they  are  formed. 

If  clay,  bole,  or  alum,  be  mixed  with  nitre,  and  ex- 
pofed  to  diftillation,  the  nitre  is  decompofed,  and  the 
acid  comes  over ; the  attract ion  between  itfelf  and  die 
alkali  being  weakened,  partly  by  the  attraction  which 
the  vitriolic  acid  ufually  contained  in  thofe  bodies 
has  for  its  alkali,  and  partly  by  the  attraction  exerted 
between  the  fame  alkali  and  the  filrceous  earth  of  the 
clay.  If  ftrong  vitriolic  acid  be  added  to  nitre  in  a 
retort,  the  fame  decompofition  takes  place  with  the 
application  of  much  lefs  heat,  by  virtue  of  the  fupe- 
rior  attraction  of  the  acid  of.  vitriol  to  the  alkaline 
bafe, 
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Nitrous  acid  is  ufually  yellow,  and  emits  fuffocating  nitrous 
fumes  of  the  fame  colour  * but  it  may  be  rendered 
pure  and  colourlefs  by  a flight  boilmg  in  a .retort. 

Aqua  fortis  is  a weak  fpirit  of  nitre,  and  not  remark-  / 
ably  pure.  It  ufually  contains  fome  marine  acid. 

The  afiayers  purify  their  nitrous  acid  by  adding  a 
fmall  portion  of  the  nitrous  folution  of  filver.  This 
metal  unites  with  the  marine  acid  -it  may  contain,  and 
falls  down  in  the  form  of  an  infoluble  compound. 

Care  mult  be  taken  to  avoid  adding  too  much. 

This  acid,  in  combination  with  calcareous  earth,  Nitrous  acid 5 

. r with  lirrie : 

■ forms  a ialt  whofe  cryitals  dehquelce  by  expoiure  to 
the  air.  It  is  foluble  in  twice  its  weight  of  cold,  or 
its  own  weight  of  boiling  water.  With  ponderous — with  pcnde- 
earth,  it  forms  a fait  of  difficult  folubility.  With  nerla ; 
magnefia  it  forms  an  acrid  bitter  fait,  which  is  very 
foluble  in  water,  and  deliquefcent  in  the  air.  With — and  clay: 
clay  it  forms  an  auftere  fait  of  difficult  folution.  None 
of  thefe  have  yet  been  applied  to  any  ufe. 

With  the  mineral  alkali  this*  acid  forms  a fait — with  mineral 

• Cl  1 1c,  3 J[j[  * 

called  quadrangular  nitre,  from  the  ufual  form  of  its 
cryftals.  About  three  times  its  weight  of  water  is 
required  to  hold  it  in  folution  in  a mean  temperature, 
and  it  is  fcarcely  more  foluble  in  hot  water.  Its 
properties  refemble  thofe  of  common  nitre ; but  it  is 
lefs  fit  for  making  gunpowder,  becaufe  it  attradls  the 
humidity  of  the  air. 

The  nitrous  acid,  in  combination  with  the  volatile  —with  volatile 

11  i*  r • • r ...  alkali. 

alkali,  Forms  nitrous  ammoniac  ; a fait  which  flightly 
attracts  the  humidity  of  the  air,  and  is  foluble  in  lefs 
than  its  own  weight  of  -water.  If  this  fait  be  expofed  ' 
to  heat  in  clofed  vcflels,  it  fuddenly  explodes  ; part  of 

the 
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% 

W 

the  acid  and  alkali  is  deftroyed ; and  the  aerial  pro- 
duct is  phlogifticated  air. 

If  a mixture  of  two  parts  by  meafure  of  vital  air, 
obtained  without  the  ufe  of  nitrous  acid,  and  one  of 
phlogifticated  air — or,  which  is  the  fame  thing,  five' 
parts  of  vital,  and  four  of  common  air — be  expofed 
to  the  action  of  the  ele£tric  fpark  in  the  upper  part 
of  a fyphon,  in  which  it  may  be  confined  by  mercury ; 
and  a fmall  quantity  of  foap  lees,  or  folution  of  pure 
vegetable  alkali,  be  admitted  into  the  cavity  which 
contains  the  air  ; an  abforption  will  take  place,  and 
nitrous  acid  will  be  produced,  as  appears  by  the  alkali 
being  converted  into  true  nitre.  This  is  a flow  ope- 
ration, and  requires  the  quantity  of  air  in  the  fy- 
phon to  be  renewed  very  often,  to  fupply  the  abforp- 
tion *.  It  has  likewife  been  found  that  this  acid  is 
produced  by  expofing  vital  air  for  a long  time  to  the 
exhalations  of  putrifying  animal  fubftances,  together 
with  calcareous  earth,  or  any  other  proper  bafe  to 
receive  and  combine  with  it  f.  There  can  be  little 
doubt  but  the  putrid  exhalations  confided  chiefly  of 
phlogifticated  air.  It  appears  therefore  that  this  fub- 
ftance  bears  the  fame  relation  to  the  nitrous  acid  as 
fulphur  does  to  the  vitriolic.  As  fulphur  by  combuf- 
tion,  in  which  vital  air  is  an  indifpenfable  requifite, 
becomes  converted  into  vitriolic  acid,  fo  phlogifticated 
air  becomes  converted  into  nitrous  acid ; though,  on 

* For  the  detail  of  the  particulars  of  this  moft  curious  expe- 
riment, confult  Mr.  Cavendilh’s  papers,  in  the  Phil.  Tranf. 
Vol.  LXXV.  p.  jv2  ; and  Vol.  LXXVIII.  p.  255. 

f This  is  the  difeovery  of  M.  Thouvenel.  See  his  Prize 
Dilfertation  on  the  Formation  of  Nitre. 
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account  of  its  being  lefs  combuftible,  the  red  heat  nitrous 
cannot  be  produced  and  kept  up  without  the  co-opera- 
tion of  electricity : and  as  fulphur,  when  in  contact 
with  the  pure  air  of  the  atmofphere,  and  with  a bafe 
proper  for  combining  with  the  vitriolic  acid,  is  con- 
verted into  that  acid  by  a flow  combuftion  in  the 
pyrites ; fo  the  like  expofure  of  phlogifticated  air,  in 
contact  with  calcareous  earth,  to  vital  air,  produces 
nitrous  acid,  though  much  more  flowly,  becaufe  the 
bafe  is  lefs  combuftible. 

The  nitrous  acid  adls  with  peculiar  energy  on  com-  Nitrous  acid  wick 
buftible  fubftances,  which  it  burns  or  calcines  *,  and  matter. 
during  moft  of  thefe  proceffes  a peculiar  kind  of  air 
flies  off,  which  is  called  nitrous  air.  It  is  produced 
by  the  folution  of  many  of  the  metals,  by  moft  vege- 
table, and  fome  animal  fubftances.  This  aerial  fluid  Nitrous  air, 

P*  94* 

is  not  rapidly  imbibed  by  water,  and  may  therefore 
for  temporary  ufe  be  received  over  it.  It  is  not  heavier 
than  common  air  j and  poffefles  the  remarkable  pro- 
perty of  fuddenly  uniting  with  vital  air,  with  which 
it  forms  nitrous  acid.  The  mixture  of  thefe  two 
kinds  of  air  forms  a red  cloud,  which  is  imbibed  by 
the  water,  and  renders  it  acid,  if  the  experiment  be 
performed  over  that  fluid  •,  and,  from  examination  of 
this  acid  water,  it  is  proved  that  the  cloud  is  the  ni- 
trous acid  itfelf.  From  this  circumftance  Dr.  Prieftley  Dr  Prieftiey’e 

• o • . 1 1 « /*  1 ••  1 < • method  of  2i- 

mttituted  a method  of  determining  the  purity  or  re-  certaining  the 
fpirability  of  the  air  of  the  atmofphere,  or  any  otl  e.  rcfpirabihty  of 
permanently  elaftic  fluid.  He  found,  by  a variety  of 
experiments,  that  when  nitrous  air  and  any  other  air 
are  mixed,  they  undergo  no  change,  if  the  latter  be  to- 
tally unfit  to  fupport  combuftion  or  animal  life  ; but,  if 
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the  contrary,  the  red  cloud  is  formed  ; and  the  whole 
bulk  of  the  mixture  is  diminished  by  a quantity  which 
is  fo  much  the  greater,  accordingly  as  the  air  in 
queftion  is  of  a quality  more  fuited  to  thofe  pUrpofes. 
This  diminution  he  likewife  proved  to  confifl  of  a 
proportional  part  of  the  air  which  is  tried,  together 
with  as  much  of  the  nitrous  air  as  is  required  to  pro- 
duce the  effedf  ; fo  that,  if  the  nitrous  air  be  duly  pro- 
portioned to  the  effedf,  it  will  wholly  disappear. 

The  trial  of  the  purity  of  common  air  by  means  of 
nitrous  air,  has  not  however  been  found  to  exhibit 
fuch  remarkable  differences  between  the  air  taken  up 

at  various  places  as  their  known  falubrity  or  un- 

. 

healthinefs  might  have  given  reafon  to  expett.  Two 
reafons  may  be  offered  to  account  for  this.  The  firlt 
is,  that  a fmall  difference  in  the  purity  of  the  air 
of  a place  may  have  a very  confiderable  effedf  on  the 
health  of  thofe  who  are  Obliged  to  breathe  it  for  a 
long  fucceffion  of  time  : the  fecond  is,  that,  the  effe&s 
of  nitrous  air  being  the  fame  upon  elaffic  fluids  which 
contain  equal  proportions  of  vital  air,  however  greatly 
their  other  component  parts  may  differ  in  their  pro- 
perties, it  will  only  be  fliewn  that  the  airs  are  equally 
falubrious,  as  far  as  depends  on  their  proportion  of 
vital  air,  though  they  may  by  no  means  be  fo  with 
regard  to  their  noxious  parts. 

There  are  feveral  ingenious  contrivances,  called  eu- 
diometers, for  the  mixing  of  nitrous  and  other  air, 
and  meafuring  their  diminution.  As  thefe  however 
are  not  eafily  procured,  and  more  efpecially  as  Dr. 
Prieflley,  whofe  experience  is  greater  than  that  of  any 
other  philofopher,  ufes  a Ample  tube,  it  does  not  feem 
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neceffiry  to  defcribe  them  here.  The  do&or’s  method  nitrous 

r ,,  ACID. 

is  as  follows : t , 

He  firft  provides  * a phial  containing  about  an  ounce 
of  water,  which  he  calls  the  air  meafure.  This  he 
fills  with  air,  by  having  firft  filled  it  with  water,  and 
placed  it  over  the  opening  of  the  funnel,  in  his  (heir 
(fig.  15)*,  and  when  it  is  filled,  he  Aides  it  along  the 
fhelf,  always  obferving  that  there  be  a little  more  air 
than  is  wanted. 1 The  phial  being  thus  exactly  filled  Dr.  Prieftley’s 

.......  . . . . method  of  af- 

with  the  air  he  is  about  to  examine,  and  care  being  Certaining  the 
taken  that  it  be  not  warmed  by  holding  in  the  hand, 1>unty  of  311  * 
he  empties  it  into  a jar  of  about  an  inch  and  a half 
in  diameter ; and  then  introduces  to  it  the  fame  mea- 
fure of  nitrous  air,  and  lets  them  continue  together 
about  two  minutes.  The  Doftor  choofes  to  have  an 
overplus  of  nitrous  air,  that  he  may  be  fure  that  its 
effect  may  be  the  utmoft  poflible.  If  he  finds  the 
diminution  of  thefe  two  meafures  to  be  very  confide- 
rable,  he  introduces  another  meafure  of  nitrous  air ; 
but  the  pureft  vital  air  will  not,  he  believes,  require 
more  than  two  meafures  of  nitrous  air. 

Sometimes  he  leaves  the  common  and  nitrous  air 
in  the  jar  all  night,  or  a whole  day;  but  he  always 
takes  care,  whenever  he  compares  two  kinds  of  air, 
that  both  fhall  remain  the  fame  length  of  time  in  the 
veflels,  before  he  notes  the  degree  of  diminution. 

'When  the  preceding  part  of  the  procefs  is  over,  he 
transfers  the  air  into  a glafs  tube,  about  three  feet  long, 
and  one  third  of  an  inch  wide,  carefully  graduated  ac- 
cording to  the  air  meafure,  and  divided  into  tenth  and 


Pricfljey,  I\  . p.  30.  I give  the  account  nearly  in  his  words. 
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hundredth  parts ; fo  that  one  of  the  hundredth  part s 
will  be  about  a fixth  or  an  eighth  of  an  inch.  Then 
immerfing  the  tube  in  a trough  of  water,  fo  that  the 
water  in  the  infide  of  the  tube  fhall  be  on  a level  with 
the  water  on  the  outfide,  he  obferves  the  fpace  occu- 
pied by  the  aerial  mixture  ; and  expreffes  the  refult  in 
meafures  and  decimal  parts  of  a meafure,  according  to 
the  graduation  of  the  tube. 

It  is  fome  trouble  to  graduate  a tube  in  this  manner  5 
but  when  it  is  once  done,  the  application  of  it  is  ex- 
tremely eafy.  As  it  feldom  happens  that  a glafs  tube 
is  of  an  equal  diameter  throughout,  the  Doftor  gene- 
rally fills  that  part  of  the  tube  which  contains  one 
meafure  with  quickfilver ; and  then  weighing  it  and 
dividing  it  into  ten  parts,  he  puts  them  in  feparately, 
in  order  to  mark  the  primary  divifions.  The  weigh- 
ing is  rendered  very  eafy  by  the  help  of  a glafs  tube, 
drawn  to  a fine  orifice,  which  ferves  to  take  up  a 
fmall  quantity  at  a time,  as  may  be  required  in  making 
the  adjuftment. 

It  has  been  already  obferved  that  common  air  lofes 
about  one  fourth  of  its  bulk  by  any  procefs  equivalent 
to  combuftion.  This  alfo  happens  when  it  is  mixed 
with  nitrous  air. 

When  the  nitrous  acid  a£Is  upon  the  flefh,  or  other 
parts  of  animal  fubftances,  the  elaftic  fluid  which  is 
firft  and  moft  plentifully  difengaged  is  phlogiflicated 
air.  In  this  experiment  the  phlogiflicated  air  may 
come  from  the  animal  fubflance,  or  the  acid,  or  both ; 
fmee  both  contain  it.  It  appears  however  to  be  much 
more  probable  that  the  whole  comes  from  the  animal 
fubftances ; for  it  is  afforded  by  the  application  of  a 

very 
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very  weak  nitrous  acid,  at  fo  low  a temperature  as  65°  nitrous 
or  70° ; both  which  circumftances  do  not  appear  to  1 ACJn‘  > 
indicate  a decompofition  of  the  acid.  The  nitrous 
acid,  after  its  adlion,  faturates  as  large  a quantity  of 
alkali  as  before  *.  The  quantity  of  phlogifticated  air 
is  in  proportion  to  the  quantity  of  volatile  alkali 
which  the  animal  fubftance  made  ufe  of  affords  by 
diftillation  : and  it  is  known  that  the  quantity  of  phlo-  Page  144. 
giflicated  air  contained  in  any  animal  fubftance  mult 
be  in  this  proportion.  And,  laftly,  at  a greater  heat, 
after  the  phlogifticated  air  has  come  over,  there  is  a 
difengagement  of  nitrous  air,  which  indicates  a lefs 
complete  decompofition  of  the  acid  than  that  -which 
would  have  afforded  phlogifticated  air : and  it  is  not 
confonant  with  other  chemical  fails,  that  the  complete 
decompofition  of  the  acid  fttould  happen  at  a lower 
heat  than  the  partial  decompofition  which  fucceeds  it. 

Water  will  imbibe  about  one  tenth  of  its  bulk  of  Various  fluids 

• • 1 • 1 • r • i*ii  nil  1 . • imbibe  nitrous 

nitrous  air,  which,  it  immediately  expelled  by  heat,  is  air# 

not  found  to  be  changed  in  its  properties.  The  re- 
fiduum  which  is  not  imbibed  is  phlogifticated  air. 

The  vitriolic  acid  abforbs  nitrous  air,  and  affumes  a 
I purple  colour.  The  marine  acid  imbibes  it,  and  be- 
comes blue.  Ether,  alkaline  liquors,  and  fpirit  of 
|'  wine,  alfo  abforb  it. 

The  eledlric  fpark  diminifhes  nitrous  air  about  one  Diminution  of 

nitrous  air  by 
_ ele&ricity, 

1 he  quantity  of  alkali  faturated  by  any  acid  being  different 
according  to  tbe  ftate  of  the  acid,  with  regard  to  what  is  called 
phlogiftication,  this  proof  cannot  be  admitted  as  abfolutcly  con- 
clufive,  unlefs  the  fame  quantity  of  true  nitre  be  formed  in  both 
cafe',.  I do  not  find  whether  this  has  or  has  not  been  done. 

See  Anoales  de  Chiraic,  I.  42. 
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nitrous  Half,  and  converts  it  into  phlogifticated  air,  at  the  fame 
t acid.  ^ time  that  acid  is  depofited.  Iron  filings  and  brim- 
flone,  liver  of  fulphur,  or  iron  alone,  being  expofed  to 
nitrous  air,  diminifh  it,  and  convert  it  into  phlogifti- 
cated air.  But  the  molt  fingular  circumftance  in 
thefe  proccfles  is,  that,  though  they  are  of  the  nature 
of  combuftion,  and  do  in  the  end  render  air  perfectly 
unfit  fol*  maintaining  it,  yet,  at  a certain  period  before 
this,  the  air  is  put  into  a ftate  in  which  a candle  burns 
Dephlogifticated  in  it  better  than  in  common  air,  though  it  {till  conti- 
mtroub  air.  nues  perfectly  deftructive  of  animal  life.  Dr.  Prieftley 

calls  this  dephlogifticated  nitrous  air. 

Abforption  of  If  nitrous  acid  be  expofed  to  nitrous  air,  the  latter 
nitrous  acid?  is  abforbed  in  large  quantities;  and  the  colour  of  the 
acid  changes  firft  at  the  furface,  and  gradually  through 
the  whole  of  the  liquid : the  fucceflions  of  colour  are, 
firft  yellow,  then  deep  orange,  next  green,  and  laftly 
blue,  according  to  the  quantities  of  nitrous  air  abforbed. 
This  abforption  renders  the  acid  much  more  volatile. 
Hence  it  appears  that  the  various  colours  of  nitrous 
acid  are  owing  to  its  having  abforbed  nitrous  air, 
which  continually  efcaping,  and  combining  with  the 
vital  air  of  the  atmofphere,  forms  the  yellow  or  reddifh 
fumes  it  ufually  emits  when  in  an  open  vefl'el. 

Pale  nitrous  acid.  The  pale  or  dephlogifticated  nitrous  acid,  if  ex-S 
becomes  >eLow . pQpef|  tQ  tjie  a£i-;on  0f  light,  gives  out  pure  air,  andij 

itfelf  becomes  yellow  and  fuming.  Heat  alfo  produces! 
— is  capable  of  the  fame  effect.  The  nitrous  acid  itfelf  appears  to  be; 
t ic  Jauic  torm.  capakle  Qf  fubfifting  in  the  aerial  form,  though  it! 

power  of  combining  with  water,  mercury,  or  an 
other  fluid  ufed  for  confining  it,  prevents  experimental 
from  being  made  upon  it  with  the  fame  facility  a# 
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with  other  kinds  of  air.  Water  impregnated  with  nitrous 
this  air  or  vapour  becomes  fucceflively  blue,  green,  and  t J ^ j 
at  laft  yellow,  when  it  has  received  an  increale  of  one 
third  of  its  bulk.  This  water  emits  a great  quantity 
of  nitrous  air,  and  does  not  feem  to  differ  eflentialiy 
from  pure  nitrous  acid  which  has  imbibed  nitrous  air. 

One  of  the  earliefb  known  fadfs  of  fpontaneous  in-  Inflammation  of 

pliential  oils 

flammation  is  that  produced  by  the  affufion  of  the  nitrous  acid ; 
nitrous  acid  upon  oil.  All  the  oils  obtained  by  diftil- 
lation  from  vegetables,  and  known  by  the  name  of 
eflential  oils,  are  proper  for  this  experiment.  An 
ounce  of  the  oil  intended  to  be  fet  on  fire  mult  be 
placed  in  a fhallow  veflel,  and  a bottle  containing  an 
ounce  of  the  molt  concentrated  nitrous  acid  mult  be 
faltened  at  the  end  of  a pole,  that  the  operator  may 
be  fufficiently  diltant  from  the  inflammation.  Two 
thirds  of  the  acid  being  poured  on  the  oil,  makes  a 
confiderable  ebullition ; the  oil  growing  black  and 
thick,  and  fometimes  taking  fire.  But  if  this  laft  cir- 
cumltance  does  not  happen  in  five  or  fix  feconds,  the 
remainder  of  the  acid  mult  be  poured  where  the  mix- 
ture appears  molt  dry  and  black  and  then  the  inflam- 
mation feldom  fails  to  take  place.  , 

Fat  oils  may  alfo  be  inflamed,  if  equal  parts  of  the  — of  fat  oils: 
nitrous  and  vitriolic  acids  be  firlt  poured  on  them, 
and,  when  the  ebullition  is  at  the  greateft,  a portion  of 
nitrous  acid  be  poured  on  the  dried:  part. 

Strong  nitrous  acid,  of  the  fpecific  gravity  of  1.54,  — of  charcoal,  or 
being  added  to  the  powder  of  charcoal,  or  lamp 1<imp  bl,ul“ 
black  recently  made  very  dry,  takes  lire,  and  deto- 

Prouft  in  the  Journal  do  Mcdecine,  for  July  17 78. 
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natc$.  There  is  fome  uncertainty  in  this  experiment ; 
but  the  method  which  is  faid  to  enfure  fuccefs,  is,  to 
put  the  dry  powder  into  a very  dry  retort,  and  pour 
the  acid  upon  the  fide  of  the  glafs,  fo  that  it  may  not 
fall  upon  the  powder,  but  flow  beneath  it. 

The  produdtion  of  heat  in  thefe  phenomena,  which 
doubtlefs  arifes  from  the  action  exerted  between  the 
combuftible  body  and  the  vital  air  of  the  acid,  has  not 
yet  been  explained  in  an  adequate  manner  from  experh 
ments,  tending  to  {hew  how  the  capacities  of  the  bodies 
are  changed  by  the  procefs. 

On  a review  of  the  fa£ts  in  the  foregoing  chapter, 
jt  will  not  be  difficult  to  apply  in  a general  way  the 
fame  theories  as  were  exhibited  in  treating  of  the  vi* 
triolic  acid.  The  preparation  of  nitre  beds  confifts 
fimply  in  a procefs  by  which  the  exhalations  of  putrid 
fubftances  may  combine  with  vital  air,  and  the  product 
be  received  into  a combination  with  calcareous  earth, 
or  with  the  alkali  of  decayed  vegetables  •,  and  the 
fubfequent  manipulations  are  the  mere  application  of 
water,  to  feparate  the  feveral  matters  from  each  other 
according  to  their  refpedlive  degrees  of  folubility, 
That  nitrous  acid  contains  vital  air,  is  evident  from 
the  diftillation  of  nitre  without  addition ; and  that  in 
the  acid  it  is  applied  to,  or  combined  with,  phlogifti- 
cated  air,  appears  equally  clear  from  the  * experiment 
of  Mr.’  Cavendifh,  and  from  the  frequent  appearance 
of  this  aerial  fubflance  in  experiments  with  nitrous 
air.  The  queftion  in  this  procefs  therefore  feems  to 
be,  whether  the  air  called  phlogifticated  air  do  really 

* Phil.  Tranf,  quoted,  page  15a. 
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contain  an  inflammable  principle,  which  jt  gives  out 
during  combination  with  the  vital  air ; or  whether  it 
limply  unite  to  this  laft  ? Upon  the  former  fuppofition, 
the  theory  of  the  general  fadls  will  be  as  follows  : 
Nitrous  acid  confifts  of  vital  air  united  to  a certain 
proportion  of  phlogifticated  air,  which  has  been  de- 
prived of  phlogifton  during  combination.  When  a 
combuftible  body  is  prefented  to  this  acid,  it  becomes 
corroded  cr  burned  j that  is  to  fay,  it  combines  with 
fome  of  the  vital  air,  and'  parts  with  fome  of  its  own 
phlogifton.  In  this  ftate  the  acid  is  no  longer  the 
fame  *,  for  it  has  loft  vital  air,  and  part  of  its  phlogifti- 
cated air  has  regained  phlogifton.  It  therefore  emits 
either  nitrous  air,  which  is  an  imperfedt  nitrous  acid, 
wherein  the  phlogifton  is  too  abundant,  and  the  vital 
air  too  deficient,  to  exhibit  acid  properties \ which  on 
that  account  readily  abforbs  vital  air,  and  is  by  that 
means  precipitated  again  in  the  original  acid  form  : 
or,  if  the  decompofition  be  more  completely  made,  the 
quantity  of  vital  air  abforbed,  and  of  phlogifton  emit- 
ted, by  the  combuftible  body,  may  be  fuch  as  that  only 
phlogifticated  air  (hall  be  extricated,  as  is  the  cafe  with 
animal  fubftances.  Again,  the  compofition  of  nitrous 
air  being  thus  eftabiifhcd,  if  the  eledlric  fpark  be 
applied  to  produce  ignition  in  this  aerial  fluid,  the 
fmall  portion  of  vital  air  intimately  unites  with  as 
much  of  the  phlogifticated  air  as  is  required  to  form 
nitrous  acid,  and  leaves  the  ref  due  of  phlogifticated 
air  behind : or,  if  any  procefs  of  flow  combuftion  be 
carried  on  in  it,  the  whole  of  the  vital  air  is  abforbed, 
and  as  much  phlogifton  extricated  as  converts  the  re- 
td ue  into  phlogifticated  air.  It  is  evident  that  the 
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abforption  of  nitrous  air  muff  equally  alter  the  pro- 
portions of  the  component  parts  of  the  nitrous  acid, 
and  produce  fimilar  effedts. 

The  fmgular  properties  of  the  air  called  dephlogifti- 
cated  nitrous  air  have  not  been  fatisfadtorily  explained 
upon  any  theory. 

It  is  obvious  that  the  explanation  of  thefe  events 
may  be  made  at  lead  with  equal  facility  according  to 
the  other  theory.  Phlogifticated  air  and  vital  air  are 
applied  to  each  other  under  certain  circumftances, 
and  nitrous  acid  is  produced.  Hence  it  is  concluded 
that  thefe  aerial  fubftances  have  united  together,  and 
are.  the  component  parts  of  nitrous  acid.  When  an 
inflammable  fubflance  is  burned,  or  a metal  calcined, 
by  the  adtion  of  this  acid,  one  of  its  component  parts, 
namely,  vital  air,  unites  with  the  body  ; and  the  furplus 
of  the  other  principle,  namely,  phlogifticated  air,  flies 
off  either  alone,  or  in  combination  with  a futficient 
portion  of  vital  air  to  form  nitrous  air.  The  addition 
of  vital  air  to  this  laft  aerial  product  completely  forms 
nitrous  acid  ; the  fubtr  adtion  of  the  vital  air  it  pofl'efl'es 
muft  change  it  into  phlogifficated  air. 

The  phenomenon  of  nitrous  acid  becoming  yellow 
and  fuming  by  the  adtion  of  light  or  heat,  will  (hew 
that  it  receives  phlogifton,  according  to  the  ancient 
hypothefis.  As  it  feems  however  to  be  a bold  fuppo- 
fition,  that  either  light  or  heat,  confldered  as  matter, 
can  transfer  the  inflammable  principle  through  glafs 
veffels,  the  fadt  has  been  more  ingenioufly  explained 
by  recourfe  to  the  decompofition  of  water.  It  is 
aflerted  that  the  nitrous  acid  attracts  the  inflammable 
air,  or  phlogifton,  of  the  water,  and  fets  its  vital  air  at 
/ 7 liberty. 
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liberty.  According  to  the  antiphlogiftic  theory,  it  is 
limply  faid  that  heat  or  light  expels  part  of  the  vital 
air  from  the  nitrous  acid,  as  the  event  fhews  and  that  Theory, 
the  refidue,  having  an  over-proportion  of  phlogifti- 
cated  air,  is  of  courfe  coloured  and  fuming. 

The  reader  may  eafily  apply  thefe  theories  to  the 
combuftion  of  oils  or  charcoal  by  the  nitrous  acid,  as 
far  as  the  facts  can  be  clearly  Hated,  or  are  known : 
for  thefe  are  doubtlefs  of  the  fame  nature  as  other 
combulfions. 

It  is  a late  difcovery  of  Mr,  KeirA,  that  a mixture  Keir’s  com, 
of  the  concentrated  vitriolic  and  nitrous  acids  forms  a fee'chap.  II. 
folvent  peculiarly  calculated  to  diffolve  filver  in  a large  Book' lI’ 
proportion  ; though  it  has  fcarcely  any  efficacy  in  fuf- 
pending  any  other  metallic  fubftance.  He  forms  it 
by  diffolving  nitre  in  concentrated  vitriolic  acid.  Tin, 
mercury,  and  nickel,  are  ached  upon,  and  chiefly  cal- 
cined, by  this  compound  acid ; the  latter  being  dif- 
folved  in  a frnall  quantity  : but  it  has  little  or  no  adfion 
upon  the  other  metals.  Dilution  with  water  renders 
it  lefs  capable  of  diffolving  filver,  but  more  adlfive  with 
regard  to  the  other  rndtals. 

If  this  acid  be  digeffed  upon  fulphur,  it  undergoes 
the  change  called  phlogiftication,  and  emits  nitrous 
fumes  j the  nitrous  acid  probably  lofing  its  acidity 
in  proportion  as  the  fulphur  becomes  acidified.  Its  affi- 
nities, or  folvent  powers,  are  confiderably  changed  by 
this  procefs.  The  fame  phlogiflicated  acid  is  afforded, 
if  the  nitrous  vapour  or  air  be  added  to  vitriolic  acid, 
inftead  of  common  nitre  ; or  if  nitre  with  bafis  of 
Volatile  alkali  be  ufed. 

* Phil-  Tranf.  Vol.  LXXX.  p.  373. 


C II  A P. 


COMMON  SALT. 


170 


COMMON 

SALT. 

' ' 

Salt  mines  and 
fprings. 


Sea  water. 


Extra&ion  of 
eommon  fait 
from  waters. 


CHAP.  III. 

OF  THE  MARINE  ACID  AND  ITS  COMBINATIONS,  IN- 
' CLUDING  AQUA  REGIA. 

r |'^HE  marine  acid  is  obtained -from  common  culi- 
nary  fait,  in  which  it  is  united  to  the  mineral 
alkali.  Common  fait  is  found  in  large  mafles,  or  in 
rocks,  under  the  earth,  in  England  and  elfewhere. 
There  are  alfo  many  fait  fprings  in  various  parts  of 
the  world ; and  the  waters  of  the  ocean  every  where 
abound  with  it,  though  in  different  proportions.  The 
water  of  the  Baltic  fea  * is  faid  to  contain  one  fixty- 
fourth  of  its  weight  of  fait ; that  of  the  fea  between 
England  and  Flanders  contains  one  thirty-fecond  part  j 
that  on  the  coafts  of  Spain  one  fixteenth  part ; and 
between  the  tropics  it  is  faid,  perhaps  erroneoufly, 
to  contain  from  one  eleventh  to  one  eighth  part. 

The  whole  art  of  extradfing  fait  from  waters  which 
contain  it,  confifts  in  evaporating  the  water  in  the 
cheapefl  and  moft  convenient  manner.  In  England, 
a brine  compofed  of  fea  water,  with  the  addition  of 
rock  fait,  is  evaporated  in  large  {hallow  iron  boilers ; 
and  the  cryftals  of  fait  are  taken  out  in  bafkets.  In 
Ruffia,  and  probably  in  other  northern  countries, 
the  fea  water  is  expofed  to  freeze  ; and  the  ice,  which 
is  almoft  entirely  frefn,  being  taken  out,  the  remain- 
ing brine  is  much  ftronger,  and  is  evaporated  by  boil- 

* Rome  de  lTfle’s  Cryftallographie,  Vol.  I.  p.  375,  quoted  by 
Magellan  in  his  improved  edition  of  Cronftedt,  p.  360. 
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jng.  In  the  fouthern  parts  of  Europe  the  falt-makers  common 
take  advantage  of  fpontaneous  evaporation.  A flat 
piece  of  ground  near  the  fea  is  chofen,  and  banked 
round,  to  prevent  its  being  overflowed  at  high  water. 

The  fpace  within  the  banks  is  divided  by  low  walls  Various  me- 
into  feveral  compartments,  which  fucceflively  commu- 
nicate with  each  other.  At  flood  tide,  the  firft  of  thefe 
is  filled  with  fea  water ; which,  by  remaining  a cer- 
tain time,  depofits  its  impurities,  and  lofes  part  of  its 
aqueous  fluid.  The  refidue  is  then  fufFered  to  run  into 
the  next  compartment  •,  and  the  former  is  again  filled  — of  obtaininj 
as  before.  From  the  fecond  compartment,  after  a due 
time,  the  water  is  transferred  into  a third,  which  is 
lined  with  clay,  well  rammed,  and  levelled.  At  this 
period  the  evaporation  is  ufually  brought  to  that  de- 
gree, that  a cruft  of  fait  is  formed  on  the  furface  of 

the  water,  which  the  workmen  break,  and  it  imme from  the  w»- 

diately  falls  to  the  bottom.  They  continue  to  do  this  ters 
until  the  quantity  is  fufficient  to  be  raked  out,  and 
dried  in  heaps.  This  is  called  bay  fait. 

In  fome  parts  of  France,  and  aifo  on  the  coafts  of  — 0f  the  fea 
China,  they  wafh  the  dried  fands  of  the  fea  with  a 
fmall  proportion  of  water,  and  evaporate  this  brine  in 
leaden  boilers. 

At  feveral  places  in  Germany,  and  at  Montmarot  in  — and  fait 
France,  the  waters  of  fait  fpriftgs  are  pumped  up  to  fprings* 
a large  refervoir  at  the  top  of  a building  or  fhed  from 
which  it  drops  or  trickles  through  fmall  apertures  upon 
boards  covered  with  brufh  wood.  The  large  furface  of 
the  water  thus  expofed  to  the  air,  caufes  a very  confi- 
derable  evaporation  ; and  the  brine  is  afterwards  con- 
veyed 
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veyed  to  the  boilers  for  die  perfect  feparation  of  the 
fait. 

The  water  of  the  fea  contains,  befides  the  common 
fait,  a confiderable  proportion  of  magnefian  marine 
fait,  and  fome  gypfum,  or  lime  combined  with  vitriolic 
acid.  The  magnefian  fait  is  the  chief  ingredient  of 
tire  remaining  liquid  which  is  left  after  the  extrac- 
tion of  the  common  fait,  and  is  called  the  mother 
water.  Sea  water,  if  taken  up  near  the  furface,  con- 
tains alfo  the  putrid  remains  of  animal  fubftances, 
which  render  it  naufeous,  and  in  long  continued 
calms  caufe  the  fea  to  ftink. 

Oyftallization  The  cryllals  of  common  fait  are  right-angled  fix- 
0l' LOmmon  ljlt*  fided  folids,  and  are  ufually  faid  to  be  cubes.  Thefe 
form  at  the  furface,  where  the  evaporation  is  the 
greateft ; and  they  float  by  virtue  of  the  repulfive 
power  of  their  dry  upper  furfaces,  which  difplaces  a 
quantity  of  the  furrounding  water  : a circumftance 
common  to  all  fuch  fmall  bodies  as  are  not  eafily 
wetted.  When  the  cryftal  becomes  too  large  to 
be  fufpended  in  this  way,  it  finks.  If  two  floating 
cryllals  come  fo  near  each  other  as  that  the  hollow 
fpaces  may  communicate,  they  fall  together  into  one 
cavity  at  the  furface,  without  finking  ; and  the  fuc- 
ceflive  appofition  of  other  cryllals  often  produces  a 
curious  hollow  pyramid,  which  is  fquare,  becaufe  the 
figure  of  the  cryllals  themfelves  occafions  them  to 
apply  to  each  other  only  in  the  pofition  required  to 
produce  fuch  a folid. 

Common  fait  does  not  alter  in  the  air  ; but  when 
expofed  to  heat,  it  cracks  and  flies  in  pieces,  by  the 
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e'fCape  of  its  water  of  cryftallization.  A greater  heat  marine 
ignites  and  melts  it  5 and  a dill  greater  caufes  it  to  rife  t A^‘I>‘  „ 
totally  in  white  fumes.  The  atlion  of  fea  fait  upon 
earths  is  not  confiderable.  It  aflifls  the  fufion  of  fili- 
ceous  earth ; and  is  thrown  into  the  furnace  wherein 
the  pottery  called  done-ware  is  baked,  where  it  rifes 
in  fumes,  and  glazes  their  furface  •,  probably  by  the 
combination  of  its  alkali  with  the  filiceous  earth  con- 
tained in  the  clay.  The  decompofition  of  fea  fait  by 
litharge  has  already  been  mentioned  in  treating  of  page  uS. 
the  mineral  alkali. 

The  marine  acid  may  be  obtained  from  common  Diftilhtion  of 
fait  by  precedes  fimilar  to  thofe  defcribed  for  pro- 
curing  the  nitrous  acid  in  the  preceding  chapter.  The 
mod  effectual  and  elegant  way  confifts  in  applying 
one  part  by  weight  of  drong  vitriolic  acid  to  three 
of  decrepitated  fea  fait,  in  a retort  whofe  upper  part 
is  furnifhed  with  a tube  or  neck,  through  which  the 
acid  is  to  be  poured  upon  the  fait.  The  aperture  of 
this  tube  mud  be  immediately  clofed  with  a ground 
flopper  after  the  pouring.'  The  vitriolic  acid  immedi- 
ately combines  with  the  alkali,  and  expels  the  marine 
acid  in  the  form  of  a peculiar  air;  which  is  rapidly  Marine  acid  ait. 
abforbed  by  water,  but  may  be  confined  by  mercury. 

As  this  combination  and  difengagement  take  place 
without  the  application  of  heat,  and  the  aerial  fluid 
efcapes  very  readily,  it  is  neceflary  to  arrange  and 
lute  the  vefl'els  together  before  the  vitriolic  acid  is 
added,  and  not  to  make  any  fire  in  the  furnace  until 
the  difengagement  begins  to  flacken ; at  which  time 
it  mud  be  very  gradually  raid'd.  Before  the  modern 
'improvements  in  chcmiftry  were  made,  a great  part  of 
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the  acid  efcaped,  for  want  of  water  to  combine  with 
but  by  the  ufe  of  the  apparatus,  fig.  21  or  22  (or  a 
combination  of  veffels  equivalent  to  both  of  them),  the 
acid  air  is  made  to  pafs  through  water,  in  which  it 
is  condenfed,  and  forms  marine  acid  of  double  the 
weight  of  the  water,  though  the  bulk  of  this  fluid  is 
increafed  one  half  only.  The  acid  condenfed  in  the 
firft  receiver,  which  contains  no  water,  is  of  a yellow 
colour,  arifing  from  the  impurities  of  the  fait. 

Heat  expels  the  marine  acid  air  from  marine 
acid,  and  leaves  the  water  behind.  The  fumes  of 
fpirit  of  fait  confift  of  this  air  in  the  aft  of  uniting 
with  the  watery  vapours  of  the  atmofphere,  which 
render  it  vifible.  This  air  has  nearly  the  fame  affini- 
ties as  the  acid  itfelf  in  the  fluid  form.  The  eleftric 
explofion  diminiffies  it  a little ; but  the  remainder  is 
almoft  totally  foluble  in  water  as  before. 

It  is  an  objeft  of  c.onfiderable  importance  to  the 
practical  chemift,  to  be  aware  of  the  corrofive  ltature 
of  this  acid  air.  If  the  precedes  in  which  it  is  fet  at 
liberty  be  carried  on  in  a room  where  balances  and 
other  metallic  inllruments  are  kept,  though  the  quan- 
tities may  not  be  perceptible  by  the  fmell  or  otherwife, 
yet  the  inllruments  will  in  the  courfe  of  a few  days 
be  covered  with  rult.  It  is  indeed  by  no  means  pru- 
dent to  keep,  or  make  ufe  of,  any  delicate  metallic  in- 
llruments in  the  fame  apartment  which  is  appropriated 
to  chemical  precedes.' 

The  marine  acid,  in  combination  with  the  vegetable 
alkali,  forms  a fait  called  fait  of  Sylvius,  or,  impro- 
perly, regenerated  fea  fait.  It  is  of  a bitter  tafte, 

flightly  deliquefcent,  and  foluble  in  about  three  times 

its 
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its  weight  of  water.  This  is  foraetimes  tiled  in  me-  marine 

. ACID. 

dicine. 


With  the  volatile  alkali  it  forms  common  fal  am-  Sal  ammoniac, 
moniac,  which  is  a confident  fait,  of  a (harp  briny 
tade  ; and  fo  remarkably  deficient  in  the  ufual  brittle- 
nefs  of  this  clafs  of  bodies,  that  it  is  not  eafily  pul- 
verized. It  is  foluble  in  between  three  and  four  times 
its  weight  of  water,  in  a common  temperature.  By 
heat  it  fublimes  entire  in  clofed  veflels. 

The  faline  combination  of  lime  with  marine  acid  is  Marine  fckniw, 
fometimes  called  marine  felenite,  and  fometimes  fixed 
ammoniac  ; becaufe  it  forms  the  fixed  refidue  after  fal 
ammoniac  has  been  expofed  to  didillatior.  with  lime. 

This  fait  may  be  obtained  in  the  form  of  crydals,  but 
it  deliquefces  with  air.  It  is  foluble  in  lefs  than  twice 
its  weight  of  cold  water.  The  combination  of  lime 
5 and  marine  acid  which  remains  after  diddling  fal  am- 
moniac, has  ufually  an  over-proportion  of  lime.  If  it 
be  urged  by  a violent  heat,  it  fufes  ; and  when  cold, 

:it  has  the  property  of  emitting  ,a  phofphoric  light 
upon  being  druck  with  any  hard  body.  Hence  it  is  Homberg’s 
tailed  Homberg’s  phofphorus,  from  the  name  of  the  PhofFhorus* 
fird  obferver. 

The  argillaceous  marine  fait  has  a gelatinous  con-  Argillaceous 
fidence  when  diffolved  in  a fmall  quantity  of  water.  manne  falt’ 

Its  tade  is  dyptic,  and  it  affords  crydals  by  fpontaneous 
evaporation. 

Ihe  combination  of  ponderous  earth  with  marine  Ponderou* 
icid  forms  a crydallizable  fait  of  difficult  folution.  maiincfalt’ 

Its  folution  is  of  admirable  ufe  for  dete£ling  the  pre- 
Tence  of  the  vitriolic  acid  in  any  fluid  \ becaufe  this 
fir  combines  with  the  earth,  and  forms  an  infoluble 
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precipitate' of  ponderous  fpar.  It  is  more  efpecially?iij 

ufcful  for  purifying  the  marine  acid  itfclf  from  theHj 

vitriolic  acid,  which  it  often  contains.  The  exacfttl 

quantity  of  folution  neceflary  to  be  added  for  thisilJ 

purpofe  to  any  veflel  of  marine  acid,  maybe  known  byn] 

previous  trials  with  fmall  portions  of  the  acid. 

Magnefian  marine  fait  exifts  in  all  fait  waters.  It  iabl 

foluble  in  lefs  than  its  own  weight  of  water;  and  can- ji 

not  be  obtained  in  the  cryftaliine  form  but  by  firf™ 

evaporating  its  folution,  and  then  fuddenly  expofing  it 

to  a great  degree  of  cold.  It  is  the  caufe  of  the  bit- 

ternefs  of  fea  water ; and,  like  molt  of  the  other  faltsf 

laft  deferibed,  it  is  applied  to  no  ufeful  purpofe. 

Adtion  of  marine  The  marine  acid  has  fcarcely  any  adtion  upon  com- 

acid  upon  metals.  buft;Me  fu'bftanccs 

in  general.  It  adls  directly  upon 
tin,  lead,  copper,  iron,  zinc,  bifmuth,  antimony,  man- 
ganefe,  arfenic  ; but  does  not  affect  gold,  filver,  platina, 
mercury,  wolfram,  or  cobalt. 

Dcphloglfticated  If  the  marine  acid  be  diftilled  from  about  one  fourth 
m aeMudinanne  *ts  wejgilt  0f  j-}ie  black  calx  of  manganefe,  a fu 

eating  elaftic  fluid  arifes,  which  corrodes  mercury,  an 
is  abforbed  by  water.  The  impregnation  of  water  wi 
this  fluid  (which  was  named  the  dephlogifticated  m 
ririe  acid  by  its  difeoverer  Scheele)  may  be  conveni 
ently  performed  by  means  of  the  apparatus,  fig.  21  *4 
If  the  concentrated  marine  acid  be  ufed,  the  difengage4$ 
ment  takes  place  without  heat;  but  if  it  be  weaker*; 
the  application  of  a gentle  heat  is  neceffary.  Thejj 
common  marine  acid  which  may  rife  is  condenfcd  in| 


the  firft  bottle  ; and  the  dephlogifticated  acid  unites  to< 


* Bertholler,  in  the  Mem.  Acad.  Par.  for  17S5  ; and  in  Ro- 
zicr’s  Journal  for  Sept.  17SS. 
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the  water  in  the  fecond;  the  water,  as  it  becomes  fa*-  marine 
turated,  affumes  a greenifti  yellow  colour.  When  the 


faturation  is  complete;  the  dephlogifticated  acid  takes  Dephlogifticat- 
concrete  form,  and  defcends  to  the  bottom  in  yel  - marine  acid, 
lowifh  flocks,  provided  the  temperature  of  the  water 
be  only  a few  degrees  above  freezing.  An  increafe 
of  temperature,  fuch  as  may  be  produced  by  applying 
the  hand  to  the  veflel,  caufes  this  concrete  matter  to 
afliime  the  aerial  form;  and  efcape  in  bubbles  to  the 
furface.  The  tafte  of  the  folution  is  auftere,  but  does 
not  refemble  that  of  acids.  It  combines  with  fixed 
alkalis  without  caufing  them  to  give  Out  their  fixed 
air,  if  they  be  in  a mild  (late.  Heated  with  lime,  ot 
fixed  alkali,  it  emits  vital  air,  and  then  forms  the 
fame  faline  combinations  as  the  common  marine  acid 
would  have  done.  It  diflblves  all  metals  direCtly, 
without  affording  inflammable  air,  as  the  marine  acid 
does  with  fome  of  them ; and  its  faline  combinations 
are,  for  the  molt  part,  the  fame  as  the  common  acid 
produces  when  made  to  combine  with  thofe  bodies* 

It  deftroys  vegetable  colours,  rendering  them  white 
without  firft  caufing  them  to  become  ted  ; it  bleaches 
wax ; and  in  general  produces  immediately,  in  a va- 
riety of  fubftances,  the  fame  changes  as  are  effected 
by  long  expofure  to  air.  This  property  has  already  Ann*les  d<? 
been  applied  with  fuccefs  in  manufactories.  ^1— 'yo*' 

When  the  aeriform  dephlogifticated  marine  acid  Salt  into  which 
is  received  in  a folution  of  pure  vegetable  alkali,  and  nwrirw'acTdwt- 
the  liquor  evaporated,  two  kinds  of  fait  are  obtained* tcn* 

The  one  is  the  common  fait  of  Sylvius,  which  fepa* 
rates  from  the  fluid  as  the  evaporation  goes  on ; and 
the  other'  is  a fait  which,  being  more  foluble  in  hot 

N than 
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marine  than  in  cold  water,  affords  cryftals  by  cooling.  Thefc 
t acid.  ^ are  o£  a jong  rhomboidal  figure,  and  a filvery  bril- 
Dctonating  ma-  liancy have  an  infipid  cooling  tafte,  refembling  nitre; 
bate  o*  vegetable  do  not  deliquefce  in  the  air  ; and  detonate  with  char- 
coal, or  with  iron,  more  ftrongly  than  nitre  itfelf  does. 
By  heat  alone  they  give  out  vital  air  ; and  the  refidue 
of  their  detonation  with  charcoal  is  the  fait  of  Sylvius. 
Hence  it  is  obvious  that  a portion  of  the  alkali  has 
imbibed  fome  of  the  dephlogifticated  marine  acid,  to- 
gether with  the  overplus  of  vital  air  contained  in  a great 
part  of  the  reft  of  the  acid  ; and  that  this  alkali  forms 
the  prefent  fait ; while  the  acid  which  was  deprived  of 
the  overplus,  and  by  that  means  reduced  to  the  com- 
mon ftate,  forms  the  fait  of  Sylvius,  which  is  in  much 
the  greateft  proportion  in  the  folution. 
with  mineral  If  the  mineral  alkali  be  ufed,  a fait  nearly  of  the 
fame  nature  is-  formed ; but  too  deliquefcent  to  afford 
cryftals. 

—volatile alkali.  Volatile  alkali  is  decompofed  by  the  dephlogifticated 

marine  acid  ; the  vital  air  combining  with  its  inflam- 
mable part,  and  the  phlogifticated  air  flying  off. 

A&ion  of  light.  When  the  folution  of  dephlogifticated  marine  acid 
is  expofed  to  the  attion  of  light,  it  emits  vital  air,  and 
becomes  converted  into  common  marine  acid. 

Theory.  When  we  reafon  by  analogy  from  the  vitriolic  and 
nitrous  to  the  marine  acids,  we  muft  conclude  that 
this  laft  confifts  of  a bafe  of  a combuftible  nature 
united  to  vital  air.  And  as  the  greater  combuftibility 
of  fulphur,  the  bafe  of  the  vitriolic  acid,  when  com- 
pared with  phlogifticated  air,  or  the  bafe  of  nitrous 
acid,  appears  to  be  the  caufe  why  the  a£tion  of  the 
latter  is  more  generally  eftettual  upon  combuftible 

bodies. 
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bodies,  to  which  it  can  with  more  facility  transfer  its  marine 
vital  air,  and  probably  receive  phlogifton  from  them  at  t AC1D‘  , 
the  fame  time ; fo  the  bafe  of  marine  acid,  being  ap-  Theory, 
parently  lefs  combuftible  than  even  that  of  the  ni- 
trous, may,  in  its  ordinary  ftate  of  acidity,  hold  too 
fmall  a quantity  of  vital  air,  or  too  large  a proportion 
of  phlogifton,  to  acft  with  energy  on  other  combuftible 

bodies.  But  whenever  it  is  combined  with  a furpluS  A&ion  on  eom- 
r . . . r , , r r/i-i  bultible  bodies, 

of  vital  air  from  the  calx  of  manganeie  (which  cer- 
tainly contains  it,  becaufe  it  affords  it  by  fimple  heat), 
it  muft  a£t  with  great  effedt  on  bodies  which  are  dif- 
pofed  to  combine  with  that  principle,  for  the  fame 
reafon  as  the  nitrous  acid  does ; namely,  becaufe  it  is 
eafily  decompofed.  And  this  reafon  will  in  fa£t  be 
the  fame,  whether  the  adtion  of  acids  be  confidered 
according  to  the  modern  theory,  as  confiding  chiefly 
in  the  combination  of  vital  air  with  the  combuftible 
body;  or  whether  this  laft  be  fuppofed  in  the  old 
theory  to  afford  phlogifton  to  the  bafe>  or  other  com- 
ponent part,  of  the  acid. 

It  muft  be  confefled  however  that  the  general  cir-  Acidify  of  ma- 

/-»  1*11  1*11  * nne  &cid  docs 

cumitances  attending  the  change  which  the  marine  ftot  vary  after 
acid  fuffers  by  the  accefTion  of  vital  air,  are  not  ftridtly  ^^awotother 
confonant  throughout  with  what  happens  to  the 
other  acids.  The  phlogifticated  vitriolic  and  nitrous 
acids  are  rendered  more  acid  by  the  addition  of  vital 
air,  which  is  generally  admitted  to  be  the  chief  prin- 
ciple of  acidity.  The  marine  acid,  on  the  contrary, 
has  its  activity  increafed,  by  fuch  an  addition  or 
change,  only  with  refpedt  to  combuftible  bodies  ; but 
is  lefs  adtive  on  the  alkalis  and  earths,  infomuch  that 
fome  writers  have  thought  it  might  be  denied  to  be  an 

N 2 acid. 
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acid.  From  this  inftance  acidity  appears  to  have  its 
j limits,  fo  as  to  confifl  of  a precife  term  of  dephlogifti- 
cation,  or  of  faturation  with  vital  air and  to  be  im- 
paired or  deftroyed  by  an  excefs  either  way.  A full 
and  adequate  explanation  of  the  changes  of  the  ma- 
rine acid  cannot  but  afford  much  advantage  to  the 
general  theory  of  acids,  which  occupy  fo  large  a fpace 
among  the  objedts  of  chemical  inquiry. 

Competition  of  When  one  or  two  parts  of  pale  concentrated  nitrous 
acid  are  mixed  with  four  parts  of  fuming  marine  acid, 
an  effervefcence  foon  takes  place  *,  and  dephlogifti- 
Cated  marine  acid  flies  off  in  the  aerial  form,  at  the 
fame  time  that  the  mixture  becomes  of  a deep  red 
colour.  The  mixed  acid  is  called  aqua  regia  •,  and  has 
been  long  remarkable  for  its  property  of  diffolving 
gold,  which  is  not  fenfibly  acted  upon  by  either  of  the 
acids  that  compofe  it. 

— otherwife.  Aqua  regia  may  be  made  by  adding  to  nitrous  acid 
any  fait  which  contains  the  marine  acid  : for  the  afli* 
nity  of  the  nitrous  acid  to  the  bafe  being  in  moll 
cafes  ftronger  than  that  of  the  marine,  this  laft  is  fet 
at  liberty ; and  confequently  the  mixture,  if  the  fait 
be  riot  exceflive  in  quantity,  will  contain  the  acids 
In  a difengaged  Hate.  An  aqua  regia  will  there- 
fore be  produced,  which  is  not  eflentially  impaired 
with  refpe£l  to  common  ufes  by  the  portion  of  fait 
it  may  hold  in,  folution.  It  is  ufual  to  make  aqua 
regia  by  diffolving  fal  ammoniac  in  about  four  times 
its  weight  of  ftrong  nitrous  acid  j but  the  refults 

* Bcrtliollct,  in  Acad.  Par.  1785. 
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<jf  experiments  or  operations  muft  vary  confiderably  aqua 
according  to  the  proportion  and  the  ingredients  made  t ’ j 
ufe  of. 

The  nature  of  this  mixed  acid  has  not  yet  been  The  effeft*  and 

r i j theory  of 

clearly  afeertained.  After  the  diicovery  of  the  de-  regia, 
phlogifticated  marine  acid,  it  was  concluded,  that  the 
nitrous  acid  performed  the  fame  office  as  the  man- 
ganefe  does ; that  is,  in  fa£t,  that  it  either  deprives 
the  marine  acid  of  phlogifton,  or  affords  vital  air  to 
combine  with  it,  or  both.  Several  difficulties  however 
oppofe  this  fuppofition.  If  the  marine  acid  be  en- 
abled to  calcine  and  diffolve  gold  becaufe  it  has  been 
dephlogiflicated  or  aerated  by  the  nitrous  acid,  it 
Ihouhl  follow  much  more  ftrongly  that  the  nitrous  acid 
itfelf  ffiould  diffolve  that  metal,  which  is  contrary  to 
the  fa£t.  And,  again,  it  has  not  been  fhewn  how 
this  dephlogiflicated  acid,  which  is  fo  volatile,  and  fo 
fparingly  foluble  in  water,  is  retained  in  the  folution  : 
not  to  mention  that  no  component  part  of  the  nitrous 
acid  is  found  to  efcape  during  the  effervefcence,  ex-* 
cept  the  vital  air  which  enters  into  the  compofition  of 
the  gas  that  flies  off.  When  the  two  acids  are  in  due 
j proportion,  therefore,  aqua  regia  muft  confift  of  marine 
acid,  and  nitrous  acid  which  has  an  under-proportion 
of  vital  air,  or  is  in  the  moft  fuming  ftate  *,  or,  in  other 
words,  it  contains  the  two  bafes  of  the  acids,  together 
with  vital  air,  lefs  in  quantity  than  they  poffeffed  in 
their  feparated  flate.  But,  whether  thefe  principles 
combine  and  form  a compound  acid,  or  in  what  other 
order  they  may  be  arranged,  has  not  yet  been  experi- 
mentally determined  ; though  the  writings  of  chemifls 
ffiound  with  conjectural  inferences  refpcCting  them. 
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The  combinations  of  earths  and  alkalis,  and  even  of 
metals,  with  aqua  regia,  have  not  been  well  examined. 
It  is  not  known  whether  two  different  kinds  of  falts 
are  formed  apart  from  each  other,  or  whether  a triple 
combination  takes  place  confifting  of  two  acids  united 
to  one  bafe.  It  appears  however  that  in  fome  cafes 
the  refult  is  one  entire  compound,  and  in  others  twa 
feparate  ones. 
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CHAP.  IV 


©F  FIXED  AIR,  FIXAPLE  AIR,  OR  AERIAL  ACID. 

HE  acid  which  is  commonly  known  by  the  name  fixed  air. 


of  fixed  air,  abounds  in  great  quantities  in  na- 
ture, and  appears  to  be  produced  in  a variety  of  cir- 
cumftances.  It  compofes  about  one  third  of  the 
weight  of  limedone,  marble,  calcareous  fpar,  and  Subftances which 

. 1 r contain  fixed  air. 

other  natural  fpecimens  of  calcareous  earth,  irom 
which  it  may  be  extricated  either  by  the  fimple  appli- 
cation of  heat,  or  by  the  fuperior  affinity  of  fome  other 
acid  ; mod  acids  having  a flronger  adtion  on  bodies 
than  this.  This  lad  procefs  has  been  before  de-  Page  52—55. 
fcribed.  It  does  not  require  heat,  becaufe  fixed  air  is 
ftrongly  difpofed  to  affume  the  elaftic  date..  Water, 
under  the  common  preffiure  of  the  atmofphere,  and 

at  a low  temperature,  abforbs  fomewhat  more  than  Impregnation  of 

w%tcr« 

its  bulk  of  fixed  air,  and  thep  conditutes  a weak  acid. 

If  the  preffiure  be  greater,  the  abforption  is  augmented. 

Heated  water  abforbs  lefs  •,  and  if  water  impregnated 
with  this  acid  be  expofed  on  a briik  fire,  the  rapid 
efcape  of  the  aerial  bubbles  affords  the  appearance  of 
the  water  being  at  the  point  of  boiling,  when  the  heat 
is  not  greater  than  the  hand  can  bear.  Congelation 
feparates  it  readily  and  completely  from  water  •,  but 
no  degree  of  cold  or  preffiure  has  yet  exhibited  this 
acid  in  a denfe  or  concentrated  date  of  fluidity. 

Fixed  air  is  nearly  twice  as  heavy  as  common  air; 

^qd  for' that  reafon  occupies  the  lower  jaarts  of  fuch 
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Fixed  air  emit, 
ted  from  fer- 
wienrjng  bodies. 


Experiments 

made  in  an 
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PRODUCTION  OF  FIXED  AIR, 

mines  or  caverns  as  contain  materials  which  afford  it 
by  decompolition.  The  miners  call  it  choke  damp. 
The  Grotto  del  Cano,  in  the  kingdom  of  Naples,  has 
been  famous  for  ages  on  account  of  the  effects  of  a. 
ftratum  of  fixed  air  which  covers  its  bottom.  It  is  a 
cave  or  hole  in  the  fide  of  a mountain  near  the  lake 
Agnano,  meafuring  not  more  than  eighteen  feet  from 
its  entrance  to  the  inner  extremity  j where  if  a dog,  or 
other  animal  that  holds  down  its  head,  be  thruft,  it  is 
immediately  killed  by  inhaling  this  noxious  fluid. 

Fixed  air  is  emitted  in  large  quantities  by  bodies 
in  the  Hate  of  the  vinous  fermentation  \ and  on  account 
of  its  great  weight  it  does  not  fly  off,  but  remains  in  the 
upper  fpace  of  the  veffel',  not  occupied  by  the  fermenting 
body.  A variety  of  linking  experiments  may  be  made 
in  this  ftratum  of  elaftic  fluid.  Lighted  paper  or  a 
candle  dipped  into  it,  is  immediately  extinguilhed  j and 
the  fmoke  remaining  in  the  fixed  air  renders  its  fur- 
face  vifible,  which  may  be  thrown  into  waves  by  agi- 
tation, like  water.  If  a dilli  of  w^ater  be  immerfed  in 
this  air,  and  brilkly  agitated,  it  foon  becomes  impreg- 
nated, and  obtains  the  lively  tafte  of  Pyrmont  water. 
In  confequence  of  the  weight  of  the  fixed  air,  it  may 
be  dipped  put  in  a pitcher,  or  bottle ; which,  if  well 
cCrked,  may  be  ufed  to  convey  it  to  great  diftances. 
The  effedls  produced  by  pouring  this  invifible  fluid 
from  one  veffel  to  another,  have  a very  Angular  appear- 
ance : if  a candle,  or  a frnall  animal,  be  placed  in  a 
deep  veffel,  the  former  becomes  extindl,  and  the  latter 
expires,  in  a few  feconds  after  the  fixed  air  is  poured 
upon  them,  though  the  eye  is  incapable  of  diftinguifti- 
ing  any  thing  that  is  poured. 


When 


FROM  CHARCOAL,  &C. 
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When  vegetable  fubftances  are  expofed  to  a ftrong  air, 

beat  in  vefiels  partly  clofed,  the  volatile  principles  fly  ' v 
>ff ; but  combuftion  does  not  take  place  tor  want  01 
dr.  The  fixed  refidue  is  the  inflammable  fubftance 
railed  charcoal.  For  general  purpofcs,  wood  is  con-  Converfion  of 

. . vegetable  matter 

■erted  into  charcoal  by  building  it  up  m a pyra-  int0  chareoaL 
nidical  form,  and  covering  the  pile  with  clay  or  earth, 
eaving  a few  air-holes,  which  are  clofed  when  the 
aafs  is  perfectly  lighted ; and  by  that  means  the  comr 
uftion  is  carried  on  in  an  imperfect  manner.  Com- 
mon charcoal,  when  expofed  to  heat  in  clofed  vefiels, 
ives  out  a fmall  quantity  of  inflammable  air,  which 
:ems  extraneous  to  it 5 and  if  it  be  burned,  it  leaves 
fmall  portion  of  earth,  fixed  alkali,  and  other  falts. 

"he  greater  part  of  charcoal  therefore  confifts  of  an 
Inflammable  fubftance  •,  and  it  is  found  that,  if  this  be  Produdlion  of 
urned  in  a clofed  veflel  over  mercury,  with  vital  air,  charcoal. 

:\e  produ£t  is  fixed  air,  and  nothing  elfe;  as  is  proved 
j the  refidue  after  the  fixed  air  has  been  abforbed  by 
mftic  fixed  alkali : for  there  is  either  no  aerial  refi- 
le, or  the  refidue  confifts  of  vital  air  as  pure  as  at 
•ft  *. 

Hence  it  follows,  that  fixed  air  confifts  of  the  in-  Compofitian  of 
immable  matter  of  charcoal  united  to  vital  air.  The  ^X'd  air" 
ttiphlogiftian  philofophers  confider  this  matter  as  a 
^culiar  combuftible  and  acidifiable  bafe,  and  thence 
fer  the  prefence  of  charcoal  in  all  cafes  where  fixed  Opinions, 
r is  extricated  or  produced : but,  on  the  other  hand, 
veral  of  the  phlogiftians  think  themfelves  juftifiable 
concluding  that  fixed  air  is  produced  by  the  union 

■*  Lavpiflcr  in  Mem.  Acad.  Par,  for  1781,  p.  ^49, 
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VIXED  AIR. 


The  ele&ric 
fpark  paffed 
through  fixed 
*ir. 


Phlogiftic  ex. 
planatjpn. 


Antipfilogiftic 

explanation- 


of  inflammable  air  with  vital  air,  when  either  of  them 
is  in  the  nafcent  ftate,  or  Hate  of  extrication. 

When  the  eleftric  fpark*  is  pafled  through  fixed 
air  confined  by  mercury,  the  volume  of  air  is  aug->  < 
mented  about  one  twenty-fourth  part-,  and  of  this  three:  i 
fifths  are  abforbed  by  a folution  of  cauftic  alkali,  andh  m 
the  remainder  is  inflammable.  An  eminent  philofo-  .] 
pher  of  the  phlogiftic  opinion  fuppofes  this  effect  toi  4 
arife  from  the  decompofition  of  the  fixed  air,  whofe.  f 
vital  air,  combining  more  intimately  with  part  of  theM 
inflammable  air,  forms  water,  the  refidue  of  this  laftfti 
air  being  difengaged.  But  the  chemift  who  made  thei| 
experiment  accounts  for  it  as  follows,  without  fuppof-j| 
ing  the  fixed  air  to  be  decompofea  : — The  air  of  thet  j 
atmofphere,  and  other  elaflic  fluids,  are  proved  by  ex-4 
periment  to  be  capable  of  retaining  mercury  in  foIu-« 
tion  ; fo  likewife  in  all  probability  does  the  fixed  air  3 
and  they  all  retain  much  water.  Whenever  therefore} 
the  eleftric  fpark,  by  palling  through  this  mixture  off 
fixed  air,  mercury,  and  water,  ignites  a minute  portion}  ' 
of  it,  the  vital  air  of  the  water  unites  with  and  calcines! 
the  mercury  \ while  the  inflammable  air  of  the  watejjl  1 
is  fet  at  liberty ; and  the  fixed  air,  like  other  acidsi 
unites  to  the  mercurial  calx,  and  falls  down  with  it* 
He  fuppofes,  from  analogy,  that  the  water  in  the  fixed ; 
air  increafes  its  Volume  by  rarefying  it ; and  that  tha 
fubtra&ion  of  the  water  occafions  a contraft  ion,  while},  ‘ 


’•'*  This  experiment,  firft  performed  by  Prieftlcy,  I.  248,  has ; 
fince  been  repeated  by  Van  Marum  and  others.  The  cxperH 
ment  of  jVL  Monge,  quoted  by  Kirvvan  in  his  Effay  on  Ph'o 
gifton,  p.  193,  fecond  edition,  is  that  fpoken  of  in  the  text:  an 
the  opinions  are  thpfc  pf  MelT.  Kir  wan  and  Motive. 
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the  difengagement  of  the  inflammable  air  produces  a fixed  air. 
fomewhat  greater  augmentation  of  bulk.  In  this  way  ' v * 
(fuppofing  the  water  and  mercury  to  be  prefent  in  fuf- 
ficient  quantity)  the  whole  of  the  fixed  air  may  enter 
into  a 1'olid  combination,  and  rfothing  remain  but  in- 
flammable air.  Additional  experiments  muft  however 
be  made,  before  either  opinion  can  be  eftablifhed. 

Fixed  air  does  not  appear  to  be  ftrongly  difpofed  to  Combinations 
unite  with  argillaceous  earth.  Moft  clays  however 
afford  a fmall  quantity  of  this  fluid  by  heat ; and  the 
fnowy  white  fubflance  refembling  chalk,  and  known 
by  the  name  of  lac  lunse,  is  found  to  confift  of  clay 
faturated  with  fixed  air.  A faline  fubflance,  confut- 
ing of  two  fix-fided  pyramids  joined  at  one  common 
bafe,  weighing  five  or  fix  grains,  aqd  of  a tafle 
fomewhat  refembling  alum,  was  produced  by  leaving 
an  ounce  phial  of  water,  impregnated  with  fixed  air 
and  a redundancy  of  earth  of  alum,  expofed  to  fpon- 
taneous  evaporation  for  fome  months. 

Calcareous  earth  and  fixed  air  have  a flrong  attrac with  calca. 

tion  for  each  other.  Moll  of  the  fpecimens  of  calr  re°us  carth‘ 
careous  earth  abound  with  this  acid ; and  the  imme- 
diate precipitation  of  lime  from  lime-water  is  the  tefl 
of  the  prefence  of  this  acid. 

Ponderous  earth  combines  very  ftrongly  with  fixed  —with  pondc, 
air.  This  compound  has  been  found  in  England  ; and,  r°  1 * 
Jike  the  foregoing,  has  already  been  treated  of  in  the 
chapter  on  earths. 

Magnefia  unites  readily  to  a large  proportion  of  — with  mag, 
fixed  air.  " nefia- 

The  ufual  method  of  procuring  magnefia  is,  by  pre-  Page  106. 
cipitation  from  a folution  of  Epfom  faltj  by  adding 


an 


1 88 


CRYSTALS  OF  AERATED  MAGNESIA. 


Fixed  air.  an  alkali  which  combines  with  the  acid.  When  a 


mild  fixed  alkali  is  ufed,  it  is  neceffary  that  the  faline 


Cryftallized 

combination  of  folutions  (hould  be  boiling  hot,  and  the  ebullition 
magnefia  with 

fixed  air.  continued  for  a fliort  time,  in  order  to  diflipate  a 


portion  of  fixed  air,  which  would  hold  part  of  the 
magnefia  in  folution.  From  this  caufe  it  is,  that  per- 
fedtly  mild  vegetable  alkali  affords  no  precipitate  when 
added  to  a folution  # of  Epfom  fait  at  the  temperature 
of  6 o°.  The  mineral  alkali,  which  contains  lefs  fixed 
air  than  the  cryftallized  vegetable  alkali,  likewife  affords 
but  a fmali  quantity  of  precipitate,  unlefs  heat  be  ap- 
plied. Mild  volatile  alkali  alfo  poffeffes  the  property  of 
affording  no  precipitate  when  added  to  a folution  of 
Epfom  fait  in  the  cold  : with  a greater  heat  magnefia 
is  feparated  ; and  at  a boiling  heat  it  is  again  taken  up, 
moft  probably  forming  a triple  fait  compofed  of  vi- 
triolic acid  united  to  volatile  alkali  and  magnefia. 
The  faline  combination  of  magnefia  and  fixed  air  is 
fepkrated  in  cryftals  from  all  thefe  cold  folutions  by 
(landing  uncovered  during  which  time  the  fixed  air, 
which  held  the  magnefia  in  folution,  is  no  doubt  gra- 
dually difllpated.  The  cryftals  afforded  when  vege- 
table alkali  is  ufed,  are  contaminated  with  vitriolated 
tartar,  which  feparates  at  the  fame  time  ; thofe  ob- 
tained by  mineral  alkali  are  finer  and  purer  : but  the 
moft  "beautiful  arid  pureft  are  obtained  by  leaving  the 
folution  to  which  volatile  alkali  has  been  added,  ex- 
pofed  for  fome  days  in  an  oblong  veffel. 


* One  part  Epfom  fait,  diffolvcd  in  fix  parts  water,  was  mixed 
with  one  part  cryftallized  vegetable  alkali,  diflolved  in  five  parts 
water.  Confult  Fourcroy  in  the  Annales  dc  Chimic,  II.  1S2, 
from  whom  the  whole  of  this  article  rcfptfting  aerated  magn$b* 

is  taken.  . 

This 
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This  cryftallized  aefated  magnefia  has  ufually  the  fixed  air. 


| orm  of  fix-fided  prifms.  It  is  almoft  taftelefs  ; efflo-  Combination--'  of 
vices  in  the  air ; becomes  pulverulent  by  heat,  by  ™ ' 
he  lofs  of  its  fixed  air  and  water ; is  foluble  in  about 
orty  times  its  weight  of  water  at  the  temperature  of 
50.  Half  its  weight  confifts  of  fixed  air,  one  fourth 
.rater,  and  one  fourth  magnefia ; whereas  the  common 
erated  magnefia  obtained  by  rapid  precipitation  con- 
uns forty  parts  magnefia,  forty-eight  fixed  air,  and 
■ velve  water. 

All  the  earthy  combinations  of  fixed  air  are  nearly  —with  earths : 

: Soluble  in  water;  they  are  all  more  foluble  with  an 

t.icefs  of  that  acid  than  in  mere  water  ; and  they  all 
ve  out  their  fixed  air  by  heat,  except  the  native  fpe- 
men  of  aerated  ponderous  earth.  This  laft  contains 
) water ; and  water  feems  to  be  efientially  necefiary 
enable  bodies  to  aflume  the  aerial  form. 

Fixed  air  has  no  a£tion  upon  filiceous  earth. 

The  three  alkalis  form  concrete  cryftallizable  falts  —and  with 
fen  united  with  fixed  air,  which  being  in  fa£t  neu-  alkalis : 
il  falts,  are  much  lefs  active  than  the  cauftic  or  pure 
<alis  themfelves.  Thefe  falts  Hill  continue  to  be 
lied  the  mild  alkalis ; becaufe  the  fixed  air,  though 
forms  a large  proportion  of  their  weight,  is  difplaced 
molt  other  acids,  and  therefore  does  not  obvioufly 
!m  to  impair  their  alkaline  properties  : befides  which, 
this  volatile  acid  flies  off  in  the  elaftic  form,  and 
loft  in  common  experiments  (exhibiting  no  other 


SI  lication  of  its  prefence  than  the  violent  ebullition 

Bil . « « 


||  lich  accompanies  its  efcape),  it  was  formerly  ovcr- 
Hoked,  and  even  at  the  prefent  time  is  not  always 


>d|  hciently  attended  to. 


Alkaline 


RUTViBAGdi 
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FIXED  AIR. 


Alkaline  air  arid  fixed  air  unite,  and  form  the  con-  j 
Crete  volatile  alkali* 

. * ' / % 

Combination  of  The  combinations  of  fiiced  air  with  inflammable:  i 

fixed  air  with 

combuftible  mat-  fubftances  have  not  been  accurately  examined.  Me-  i 
tallic  calces  ufually  contain  more  or  lefs  of  this  acid.  : 
Plumbago,  or  black  lead,  is  the  moll  remarkable  com-*  | 
pound  into  which  it  enters*  This  affords  mtlch  fixed)  j 
air : but  chemifts  are  not  agreed  with  refpect  to  itsi 
combuflible  part;  fome  confidering  it  as  the  merei  f 
principle  of  inflammability,  and  others  aflerting  it  tos  | 
be  iron. 

. 

When  we  take  a retrofpe&ive  view  of  the  nume-  | 
rous  difficulties  in  chemical  fcience  refpefting  thef  e 
mild  and  cauftic  flate  of  lime  and  alkalis,  and  theiif  | 
effervefcence  with  acids  in  the  one  but  not  the  othe<  j 
ftate ; the  interrupted  efFe«Sts  of  affinities ; the  pernw 
cious  effe£ts  of  caverns,  or  of  places  where  charcoal  is 
burned,  or  proceffes  of  fermentation  are  carried  on ; 
the  nature  of  medicinal  fprings,  and  the  component  i 
parts  of  a large  proportion  of  mineral  as  well  as  er4 1 
ganized  bodies,  which  embatraffed  the  world  befor 
the  difcovery  of  this  acid ; we  have  juft  reafon 
affirm  that  the  name  of  Dr.  Black  of  Edinburgh  would 
have  been  immortal,  if  this  had  been  the'  only  one  o 
the  many  difcoveries  which  he  has  added  to  the  ffii 
of  human  knowledge. 


■Advantages  de- 
rived from  a 
knowledge  of 
this  acid. 
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BORAX. 
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CHAP.  V. 


OF  THE  ACID  OF  BORAX. 


BORAX, 


BORAX  is  a fait  which  comes  to  us  from  the  Eaft 

Indies,  and  wliofe  origin  has  till  lately  been 

ery  dubious.  At  prefent  however  it  is  very  well 

fcertained  * that  it  is  dug  up  in  a cryftallized  Hate 

om  the  bottom  of  certain  fait  lakes  in  a mountain-  Natural  produc- 

; . as,  barren,  volcanic  diftricft,  about  five-and-twenty  cru(^  borax. 

ays  journey  to  the  eaftward  of  Lafla,  the  capital  of 

le  kingdom  of  Thibet.  Tincal,  or  crude  borax, 

the  ftate  we  receive  it,  is  of  a dull  white  or 

-eenilh  colour,  in  irregular  cryftals,  covered  with 

: rancid  oily  fubftance,  faid  to  be  added  to  prevent 

deliquefcing,  and  intermixed  with  earthy  impuri- 

s.  It  is  not  well  known  in  what  proportions  the 

•mponent  parts  exift  in  the  borax  when  dug  out  of 

.t  earth ; becaufe  it  is  faid  to  be  purified  by  fubfe- 

aent  folution  in  water  and  cryftallization  foon  after 

comes  from  the  mountains : and'  the  borax  of  Purifkatio* 
j , boras. 

>mmerce  is  chiefly  refined  in  Holland  by  a procefs 
f hich  is  kept  a fecret ; though  there  is  little  doubt 
it  it  confifts  of  folution,  filtration,  cryftallization, 
id  calcination,  to  free  it  from  the  impurities  and 
| ‘cafe  •,  and  afterwards  a feconft  folution  and  cryftal- 
tation,  probably  with  an  addition  of  mineral  alkali, 
fait  of  foda.  M.  Chaptal,  after  trying  various 


* Phil.  Tranf.  Vol.  LXXVII.  No.  ai.  59. 
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borax  and  procefles  in  the  large  way,  found  the  method  of  ca U 
t ITS  ^C1D‘j  dilation  to  be  attended  with  lofs ; and  approves  of 
ftrong  and  continued  boiling  with  Water,  and  cryllal- 
lization,  followed  by  a fecond  folution,  ebullition,  and 
cryftallization,  as  the  fimpleft  method  of  purifying 
this  fait  #. 

AnalyHs  of  bo-  If  borax  be  diftolved  to  faturation  in  boiling  water) 
rax. 

and  the  vitriolic  acid  be  added  in  fuch  a quantity  as  to 
be  perceptibly  in  excefs,  a fait  Will  be  difengaged,  dur- 
ing the  cooling,  in  white  fcales,  which  will  fwim  at  the 
furface  of  the  fluid.  Thefe  being  taken  out,  the  re-* 
maining  folution  affords  Glauber’s  fait  by  evaporation. 
This  lail  fait,  confiding  of  the  vitriolic  acid  united  to  • 
mineral  alkali,  affords  a proof  that  the  alkali  was  one 
of  the  component  parts  of  the  borax : and  when,  by  ; 
adding  the  difengaged  fcaly  fait  to  mineral  alkali 
in  a due  proportion,  borax  is  reproduced,  we  have  a 
complete  proof  that  the  fcaly  fait  is  the  other  compo- 
nent part.  It  was  originally  denominated  fedative  fait, 
but  is  now  known  by  the  name  of  acid  of  borax. 

The  acid  of  borax  may  be  obtained  alfo  by  Subli- 
mation ; the  alkaline  bafe  being  feparated  by  the  pre- 
vious addition  of  fome  ftronger  acid. 

H ibitudes  of  Borax  contains  a larger  proportion  of  alkali  than 

borax : 


is  neceflary  to  faturate  the  acid.  Some  of  the  alkali 
is  faid  to  be  added  in  the  purification  of  the  tincah 
This  purified  fait  requires  about  eighteen  times  its 
Weight  of  water  to  diflolve  it,  at  the  temperature  of 
6o°.  When  heated,  it  fwells  up,  lofes  its  water  of 
cryftallization,  and  runs  into  a kind  of  glafs,  which 

* Elements  of  Chemiftry,  Eng.  Tranflation,'  I, 

may 


CUBIC  QUARTZ,  OR  WURFELSTEIN. 


193 


may  be  difiolved  in  water,  and  cryftallized,  as  be-  borax  and 

r ITS  acid.  * 

tore.  i , 

The  acid  of  borax  requires  about  fifty  times  its  — and  its  add. 
weight  of  water  to  difl'olve  it.  In  a moderate  heat 
it  melts  with  lefs  intumefcence  than  borax  itfelf ; and 
the  glafty  fubftance,  thus  formed,  is  again  foluble  in 
water,  having  only  loft  its  water  of  cryftallization. 

Borax  is  ufed  as  a flux,  in  foldering,  and  its  acid  is  a 
very  ufeful  flux  for  experiments  with  the  blow-pipe. 

The  acid  of  borax  has  been  found  uncombined  in  Native  acid  of 
tire  waters  of  certain  lakes  in  Tufcany.  There  have 
been  feveral  accounts  of  the  artificial  production  of 
borax  faid  to  be  praCtifed  in  China,  and  verified  by 
experiments  made  in  France  $ but  they  all  want  far- 
ther confirmation. 

It  has  lately  been  difcovered  that  a cryftallized  Hard  cryftallized 

J _ (tone  containing 

ftone,  found  in  a cleft  near  the  top  of  a ftratified  add  of  borax, 
mountain  compofed  of  plafter  ftone  or  gypfum,  con- 
tains a large  proportion  of  the  acid  of  borax  *.  This 
mountain,  which  bears  the  name  of  Kalkberg,  is  fitu- 
ated  near  Luneberg  in  the  duchy  of  Brunfwick ; and 
the  ftone  which  has  been  called  cubic  quartz,  but  is 
known  to  the  inhabitants  of  the  vicinity  by  the  name 
of  wurfelftein,  is  ufually  of  a white  colour,  often 
grey,  and  fometimes  of  a violet  tinge.  Its  figure, 
when  perfedt,  appears  at  firft  fight  to  be  cubic ; 
but,  when  attentively  infpedled,  is  found  to  be  com- 
pofed of  twenty-fix  faces.  Moft  fpecimens  are  opake  j 

Seethe  Annales  de  Chimie,  II.  101  and  137,  for  examina- 
tions of  this  mineral,  by  M.  Wcftrumb  and  by  M.  Hcyer.  The 
former  is  referred  to  in  the  text. 

O ' fome 
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borax  and  fome  are  femi-tranfparent,  and  a few  are  perfe&lv 

v tranfparent.  The  greater  number  of  thefe  cryftals 

Analyfis  of  the  have  the  appearance  of  having  been  corroded.  It  is 
tion  of  the  acid  evidently  of  a laminated  texture  ; though  its  fracture 
5fme°and  mag-  feems  to  exllikit  a radiated  appearance.  Its  fpecific 
ncfu.  gravity  is  about  2.566,  and  its  hardnefs  is  fuch  that  it 

fcratches  glafs,  and  gives  fire  plentifully  with  the  fteel. 

This  ftone  lofes  its  tranfparence  by  ignition,  and 
becomes  pulverable  if  quenched  in  water ; though  the 
hardnefs  of  its  particles  caufes  it  to  abrade  the  hardeft 
mortars  which  can  be  ufed.  An  extreme  degree  of 
heat  caufes  it  to  run  into  a yellow  glafs.  Water  does 
not  diffolve  it,  either  cold  or  by  ebullition.  Alkalis 
a£t  upon  it  in  the  dry  way,  but  not  readily  •,  and  in 
this  operation  a confiderable  lofs  of  weight  is  expe- 
rienced. Acids,  by  long  boiling  upon  the  pulverized 
ftone,  diffolve  it  for  the  molt  part.  Five  days  boiling 
of  marine  acid  upon  one  hundred  grains  of  the  ftone 
diffolved  it  at  laft. 

The  folution  in  marine  acid  firft  exhibited  foliated 
cryftals  at  its  furface,  which  fell  to  the  bottom  ; and  as 
the  evaporation  proceeded,  the  whole  mafs  fixed  into 
a yellowifh  white  fubftance.  This  was  foluble  in 
water,  and  let  fall  a fmall  portion  of  filiceous  earth. 
The  folution,  being  examined  by  the  methods  of  ana- 
lyfis hereafter  to  be  defcribed,  afforded  a fmall  quantity 
of  iron,  with  fome  lime  ; and,  by  the  addition  of  vitriolic 
acid  and  fublimation,  the  acid  of  borax  was  obtained. 
An  additional  quantity  of  this  fubftance  was  afforded 
by  waftiing  the  refidue  with  the  ftrongeft  ardent  fpirit, 
and  evaporating  the  folution  till  cryftals  were  afforded. 

The  component  parts  of  the  ftone  were  thus  found  to 

be 
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ITS  ACID. 


be — Acid  of  borax  deprived  of  its  water  of  cryftal-  borax  and 
lization  by  a red  heat,  68  parts;  magnefia,  13I5 
lime,  1 1 ; clay,  1 ; calx  of  iron,  1 ; filex,  2 *,  lofs  in 
the  operation,  3!.  By  adding  the  mineral  alkali  to 
the  acid  thus  obtained,  a true  borax  was  formed. 

The  acid  of  borax  combines  in  the  humid  way  Combinations  of 

the  acid  of  borax 

with  the  calcareous,  ponderous,  and  magnefian  earths,  with  earths  and 
and  alfo  with  the  alkalis,  forming  compounds  hitherto  alkalls‘ 
but  little  examined.  It  does  not  diredfly  diffolve  the 
metals  in  the  humid  way ; but  notwithftanding  its 
weak  affinity,  compared  with  other  acids,  it  is  proba- 
ble that  the  combinations  might  be  effe&ed  by  double 
affinity.  It  diffolves  filiceous  earth  in  the  dry  way. 

; Spirit  of  wine  diffolves  it,  and  burns  with  a green 
■ flame  when  fet  on  fire. 

No  attempts  have  been  made  to  decompofe  this 
: acid,  or  to  exhibit  it  in  the  aerial  form.  Some  Ger-  Suppofed  reduc. 

; man  chemifts  have  lately  obtained  a metallic  fubftanceUon  ot  borax‘ 
by  treating  borax  with  charcoal  in  a ftrong  fire,  in  the 
way  of  redu&iom  But  it  is  at  prefent  generally  ad- 
mitted that  this  metal  was  iron,  from  the  crucible  *•» 


Ruprecht  in  the  journal  de  Phyfique  for  1790. 
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CHAP.  VI. 


GF  THE  ACID  OF  SPAR. 


ACID  OF 
SPAR. 


'T'  H E fufible  fpar,  or  fluor,  which  is  commonly 


I 


known  in  England  by  the  name  of  Derbyfhire 


Fluor  or  Derby-  fpar,  contains  a peculiar  acid  united  to  calcareous  earth. 

1111-6  fpar‘  The  texture  of  this  compound  is  either  fparry,  or 
irregularly  {battered  or  cracked.  It  is  either  trans- 
parent or  opake  ; and  the  Specimens  are  of  a cubic, 
rhomboidal,  polygonal,  or  irregular  figure.  The  co- 
loured fpars  have  the  property  of  becoming  phofpho- 
refcent,  or  emitting  light,  when  laid  upon  a hot  iron, 
or  otherwife  heated  j but  they  lofe  this  property  by 
being  made  red  hot.  This  fpar  is  not  Sufficiently  hard 
to  (trike  fire  with  the  (keel.  It  is  infoluble  in  water, 
and  does  not  effervefce  with  acids. 

If  the  pure  fluor,  or  fpar,  be  placed  in  a retort  of 
lead,  with  a receiver  of  the  fame  metal  adapted,  and 
half  its  weight  of  vitriolic  acid  be  then  poured  upon 
it,  the  acid  of  fpar  will  be  difengaged  in  the  aerial 
form  by  the  application  of  a gentle  heat.  This  acid 
air  readily  combines  with  water  ; for  which  purpofe  it 
is  neceflary  that  the  receiver  Should  previoufly  be  half 
filled  with  that  fluid.  When  experiments  are  required 
to  be  made  with  the  acid  in  the  elaftic  (late,  it  muft 
be  received  over  mercury. 

The  diftinguifliing  property  which  is  mod  eminently, 
and  almoft  exclufively,  poflefled  by  this  acid,  is  that  of 
diflblving  Siliceous  earth.  The  firft  experiments  upon 


Dlftillation  of 
the  acid. 


Diftin&ive  cha- 
racter. 
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SPAR. 
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it  were  made  with  glafs  veffels,  and  were  attended  acid  of 
with  the  lingular  phenomenon  of  311  earthy  matter 
being  depofited  at  the  inftant  that  the  air  came  in  con- 
tadd  with  the  water  in  the  recipient..  Upon  examina-  Siliceous  earth 

1 , r ^ diffolved. 

tion  it  was  found  to  be  filiceous  earth  ; and  iubiequent 
experiments  proved  that  it  was  obtained  by  corrofion 
of  the  glafs,  and  held  in  folution  by  the  elallic  fluid. 

This  circumftance  {hews  the  neceflity  of  uling  metal- 
lic veffels  in  the  diftillation. 

The  fluor  acid  has  been  fuccefsfully  ufed  to  make  Etchings  on 
etchings  on  glafs,  in  the  fame  manner  as  the  nitrous  s'afs‘ 
acid  has  long  been  applied  to  copper. 

With  argillaceous  earth  it  forms  a neutral  fait,  of  Combinations 

. with  earths  and 

a gelatinous  commence.  With  calcareous  earth  it  alkalis  c 
produces  the  fpar  already  treated  of.  With  ponder- 
ous earth  it  forms  a fait  of  difficult  folution,-  which 
efflorefces  in  the  air.  It  readily  combines  with  mag- 
nefia,  and  forms  a cryfdallizable  fait  : it  takes  this 
earth  from  every  other  known  acid.  With  the  Ve- 
getable alkali  it  affords  a fufible  deliquefcent  fait ; the 
folution  of  which,  if  fufficiently  evaporated,  takes  a ge- 
latinous appearance.  The  mineral  and  volatile  ^lkalis 
are  faid  to  add  nearly  in  the  fame  manner. 

This  acid  adds  fcarcely,  if  at  all,  upon  gold,  filver,  __  with  metals, 
lead,  mercury,  tin,  antimony,  bifmuth,  or  cobalt, 
though  it  diffolves  their  calces.  It  adds  direddly  upon 
iron  and  zinc,  with  the  produddion  of  inflammable  air  5 
and  it  likewife  diffolves  copper  in  the  metallic  {date, 
though  lefs  eafily  than  when  calcined. 
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AMBER. 


CHAP.  VII. 


OF  THE  ACID  OF  AMBER. 


Charadters  of 
amber : 


amber.  A MBER  is  a hard  brittle  fubftance,  fometimes 
1 perfectly  tranfparent,  but  moflly  femi-tranfparent, 
clouded,  or  opake.  It  is  found  of  all  colours,  but 
chiefly  yellow  or  orange.  Some  fpecimens  contain 
infedts  or  leaves.  When  broken,  it  prefents  a polifhed 
furface  at  the  place  of  fradlure.  It  is  capable  of  a 
good  polifh,  though  always  of  a fomewhat  greafy  feel. 

• By  fridtion  it  becomes  eledtric,  and  is  the  fub fiance  in 
which  the  operation  of  eledlricity  was  firft  taken  notice 
of  by  the  ancients.  It  emits  an  agreeable  fmell  when 
rubbed  or  heated,  and  melts  at  a lefs  temperature  than 
is  required  to  caufe  mercury  to  boil.  With  accefs  of 
air  it  is  inflammable  ; but  by  diflillation  in  clofed 
veflels  it  affords  a fmall  portion  of  water,  a concrete 
fublimate  which  is.  the  acid  of  amber,  and  an  oil.  A 
gentle  heat  is  fufficient  to  raife  the  acid  ; and  care  mufl 
be  taken  to  regulate  it  fo  as  not  to  drive  up  the  oil, 
when  the  acid  is  required  to  be  had  in  a flate  of  purity. 
The  acid  itfelf  is  foluble  in  twenty-four  parts  of  cold 
water,  and  in  a much  lefs  quantity  when  boiling  hot. 
The  fublimed  acid  requires  to  be  purified  by  repeated 

folutions  and  cryflallizations. 

/ 

where  found.  Amber  is  dug  out  of  the  earth  in  the  Pruffian  do- 
minions in  greater  plenty  than  elfewhere  ; but  the 
beft  fort  is  taken  out  of  the  fea,  or  is  call  on  fhore 
by  the  waves.  From  its  being  found  in  the  earth 

in 
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in  the  neighbourhood  of  foil'll  wood,  as  well  as  from  ^ amber.  ^ 

other  circumftances,  it  is  fuppofed  to  be  of  vegetable 

origin.  Its  analyfis  evidently  fliews  that  it  cor.fifts 

of  an  oil  rendered  concrete  by  combination  with  an 

acid. 

The  acid  of  amber  combines  with  the  earths,  Combinations  of 

the  acul  ot  am- 

alkalis,  and  metallic  calces.  With  clay  it  affords  a ber. 
fait  in  cryftals  ; with  lime  and  ponderous  earth  it 
produces  falts  of  difficult  folubility ; and  with  mag- 
nefia,  a compound  refembling  gum.  With  the  vege- 
table and  volatile  alkalis  it  forms  cryftallizable  falts, 
which  deliquefee  by  expofure  to  the  air  •,  but  with  the 
mineral  alkali  it  forms  a fait  whofe  cryftals  are  con- 
fident. With  the  calces  of  the  metals  it  forms  cryf- 
tals which  are  for  the  moft  part  permanent. 

From  its  fublimation  in  the  form  of  flowers,  it  is 
evident  that  it  cannot  be  exhibited  in  the  aeriform 
date  but  at  a very  elevated  temperature.  No  inqui= 
ries  have  been  made  in  the  way  of  decompofing  it. 
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OF  PHOSPHORUS  AND  ITS  ACID. 


Charaftcrs  of 
phofphorus. 


phosphoric  rTP'HP  phofphoric  acid,  or  its  bafe,  abounds  in  the 

^ Ac^iri*  i animal  and  vegetable,  as  well  as  the  mineral 

Native  phofpho- kingdoms.  In  this  lad  it  is  found  united  to  lead  or 
ru$« 

iron,  but  perhaps  moll  abundantly  in  combination 
with  calcareous  earth.  It  is  aliened  that  there  are 
whole  mountains  in  Spain  which  confill  of  a com- 
pound of  lime  and  phofphoric  acid  ■*.  But  the  acid 
has  been  hitherto  moll  commonly  obtained  from 
animal  fubllances.  Phofphorus  is  a fubllance  greatly 
refembling  fulphur  in  colour  and  confidence,  in  its 
ufual  date  of  purification  ; but  it  is  lefs  brittle,  and 
much  more  inflammable.  "When  very  pure,  it  is  of 
a clear  tranfparent  yellow  colour.  Like  fulphur,  it 
burns  with  two  kinds  of  flame.  An  heat  of  about 
6 o°  produces  the  weaker  kind  of  flame,  which  fcarce- 
ly  affords  any  fenfible  degree  of  warmth.  It  has  the 
appearance  of  white  fumes  in  the  day  light,  but  is 
confidcrably  luminous  in  the  dark.  If  a velfel  con- 
taining a fmall  piece  of  phofphorus  be  furrounded 
with  water  gradually  heated,  the  fumes  efcape  moi'e 
and  more  rapidly  ; and  when  the  water  is  heated  to 
1600,  the  phofphorus  takes  fire,  and  burns  with  a 
drongly  vivid  and  dedruclive  flame. 

* AnuaJes  de  Chimie,  I.  196. 
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This  fubftance,  remarkable  for  its  extreme  com-  phospho- 
budibility,  and  the  exhibition  qf  flame  without  heat,  t RUSl 
was  fird  difcovered  about  the  year  1667,  by  a chemid  The  difcoveryof 
whofe  name  was  Brandt.  Another  chemid,  well  Brarldc,' Ku’ne- 
known  by  his  writings,  whofe  name  was  Kunckel,  ke]) 
difcovered  the  fecret  of  Brandt  by  a fet  of  experi- 
ments exprefsly  indituted  for  that  purpofe.  It  is  to 
this  philofopher  that  the  world  has  judly  given  the 
honour  of  the  difcovery.  Our  eminent  Robert  Boyle  and  Boyle, 
likewife  made  the  difcovery  upon  the  fame  informa- 
tion probably  as  that  of  Kunckel ; namely,  that 
the  phofphorus  was  produced  from  urine.  It  is  af- 
ferted  that  a certain  dealer  in  fecrets,  one  Kraflt, 
communicated  the  procefs  to  Boyle  * ; but  it  is  not 
probable  that  a man  of  fuch  undoubted  integrity  ^s  Defenceof Boyle 
Boyle  w'ould  have  communicated  the  procefs  to  the 
Royal  Society  as  his  own,  if  this  had  been  the  cafe. 

Neither  indeed  does  the  invention  appear  to  be  of 
that  magnitude,  as  not  to  be  eafily  hit  upon  by  thofe 
who  were  determined  to  fpare  no  pains  nor  attention 
in  the  purfuit  of  difcovery,  as  was  the  cafe  with  the 
chemids  of  that  day,  moll  of  whom  indulged  extra- 
vagant hopes.  The  procefs  of  Boyle  confided  in  no-  Procefs  of  Boyle, 
thing  more  than  diddling  urine  till  the  laft  volatile 
. product  came  over,  which  is  the  phofphorus  •,  and 
he  ufed  no  other  artifice  to  facilitate  the  operation, 
than  that  of  firft  evaporating  the  fluid  part  of  the 
urine  until  it  became  of  the  confidence  of  fyrup.  He 
then  mixed  this  liquid  with  thrice  its  weight  of 
hue  fand,  and  expofed  the  whole  to  didillation  for 

* Stahlii  CCC.  Exper.  ed.  Berolini,  Ann.  1731,  p.  393. 

twelve 
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Procefs  for  ob- 
taining phofpho- 
lus  from  bones. 


Phofphoricglafs. 


twelve  hours,  the  fire  being  made  as  intenfe  as  pofli- 
ble  for  the  laft  fix  hours.  Other  proceffes  have  fince 
been  invented  to  fhorten  this  operation ; but  the  late 
difcovery  of  Scheele  has  fuperfeded  them  all,  on  ac- 
count of  its  greater  expedition  and  cheapnefs. 

The  fixed  refidue  of  bones,  after  burning,  confifts 
of  the  acid  of  phofphorus  united  to  lime.  If  there- 
fore this  white  friable  fubftance  be  pounded,  and 
palTed  through  a fieve,  and  a quantity  of  diluted  vi- 
triolic acid  be  added,  lefs  than  is  fufficient  to  diflolve 
tire  mafs,  it  will  then  confift  of  a folution  of  fele- 
nite,  with  difengaged  phofphoric  acid.  By  evaporation 
of  the  clear  liquid,  the  felenite  feparates  in  cryftals ; 
and  the  decanted  liquor,  by  farther  evaporation  to 
drynefs,  and  the  application  of  a confiderable  heat, 
affords  the  phofphoric  acid  in  the  form  of  a white 
or  tranfparent  glafs.  If  this  acid  be  pounded,  and 
mixed  with  one  third  of  its  weight  of  charcoal,  in  an 
earthen  retort,  it  affords  phofphorus  by  diftillation. 

The  phofphoric  glafs  obtained  in  the  firft  inftance 
from  bones,  is  not  fufficiently  deprived  of  calcareous 
earth  to  be  ufed  in  any  other  procefs  than  that  of 
making  phofphorus.  For  this  purpofe  however  it  is 
not  neceffary  to  bring  it  to  the  confidence  of  glafs. 
The  evaporation  may  be  conveniently  performed  in  a 
copper  veflel  and  when  the  fluid  has  acquired  the 
confiftence  of  fyrup,  it  may  be  mixed  with  its  own 
weight  of  charcoal  in  powder,  and  fubmitted  to  diftil- 
lation in  a good  earthen  retort.  Inftead  of  applying 
a receiver,  the  neck  of  the  retort  may  be  immerfea 
in  a bafon  of  water  to  a fmall  depth  ; and  the  phof- 
phorus,  as  it  comes  over,  will  fall  in  drops  to  the 

bottom* 
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bottom.  It  is  true  that  in  the  procefs  thus  managed  phospho- 


there  will  be  apparently  much  phofphorus  burned 


RUS. 


by  the  admiflion  of  the  common  air,  which  now  Procefs  for  ob- 
and  then  pafl'es  into  the  neck  of  the  retort,  whenever  phofi5ll°" 
the  abforption  of  the  water  caufes  its  furface  to 
fall  below  the  aperture  ; but  this  quantity  is  really 
inconfiderable,  and  is  compenfated  by  the  fimplicity 
and  facility  of  the  procefs.  The  operator  mull  be 
careful  that  the  neck  of  the  retort  be  not  plunged 
to  too  great  a depth  ; becaufe  in  this  cafe  the  water 
.would  pafs  into  the  body  of  the  retort  at  the  time  of 
..abforption,  before  the  furface  of  the  water  in  the 
ifon  had  fallen  fufficiently  tb  admit  the  air.  The 
! phofphorus  comes  over  as  foon  as  the  retort  is  red 


Page  57- 


hot ; and  when  the  drops  ceafe,  the  whole  apparatus 


r.null  be  fuffered  to  cool.  It  has  the  form  of  reddilh 
wax,  or  tallow ; and  may  be  preffed  together  under 
t :he  water  while  it  is  yet  warm.  If  this  be  done  with 
t ;he  naked  hand,  great  care  mull  be  taken  that  no 
particle  lhall  remain  Iticking  to  the  hands,  or  under 
he  nails ; as  fuch  a particle,  by  taking  fire  when 
flprought  into  the  air,  might  produce  very  painful  and 
ttpifagreeable  confequences.  It  may  be  moulded  into 
f ir  licks,  by  putting  the  pieces  into  fmall  conical  tubes  of 
.Iplafs,  clofed  at  one  end,  and  fixed  upright  in  a piece 
Ipf  wood,  the  whole  being  immerfed  under  water: 
m heating  the  water,  the  phofphorus  will  melt,  and 
:ake  the  defired  form.  The  impurities  that  rife  to  the 
.ipper  ends  of  the  tubes  maybe  cut  off  when  taken 
nit,  which  mull  not  be  done  till  all  is  cool. 

Phofphorus  may  be  had  exceedingly  pure  by  flrain-  Purification  of 
ng  it  through  a leather  bag  immerfed  in  hot  water ; phofphoius* 

8 or. 
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Phofphoric  acid, 
•btained  by  flow 
eombuftion. 


phosphoric  or,  which  is  hill  better,  by  diftilling  it  a fecond  time 
1 ACIP*  j with  a very  gentle  heat-  The  blackifh  colour  of 
Purification  of  phofphorus  is  aferibed  to  a portion  of  phofphoric  acid 
phofphorus.  which  is  mixed  with  it.  This  difappears  almoft 
entirely  by  boiling  with  a frnall  quantity  of  volatile 
alkali  * ; and  if  the  phofphorus  be  boiled  two  or  three 
fucceflive  times  in  ardent  fpirit,  it  becomes  perfectly 
tranfparent,  and  of  a beautiful  copal  colour,  with  very 
little  lofs  of  weight. 

' Phofphorus  muft  be  kept  in  a bottle  of  water,  to 
prevent  its  gradual  combuftion. 

If  a number  of  (ticks  of  phofphorus  be  placed  up- 
right in  a glafs  funnel,  a piece  of  glafs  tube  being 
previoufly  put  into  the  neck  of  the  funnel  to  prevent 
their  falling  through ; and  if  this  funnel  be  then  in- 
ferted  in  the  neck  of  a bottle  containing  diftilled  water, 
the  phofphorus  will  be  decompofed  by  the  flow  com- 
buftion, provided  it  be  expofed  to  a temperature  higher 
than  that  of  6o° ; and  the  phofphoric  acid  will  gra- 
dually pafs  through  the  funnel  into  the  water.  The 
acid  thus  obtained  contains  a portion  of  phofphorus ; 
but,  by  expofure  to  the  air,  this  alfo  becomes  con- 
verted into  acid:  or  the  fuperfluous  portion  of  phof- 
phorus may  be  burned  by  caufing  the  acid  to  boil. 

If  the  w'ater  be  evaporated  from  the  phofphoric 
acid,  it  may  be  converted  by  heat  into  a folid  tranf- 
parent fubftance,  which  differs  from  that  obtained  im- 
mediately from  bones  by  the  vitriolic  acid,  in  attraft- 
ing  the  humidity  of  the  air,  and  its  folubility  in  water. 
It  is  faid  however  that  a ftronger  heat  will  render 


Concrete  phof- 
phoric acid. 


Page  202. 
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it  .permanent,  and  deprive  it  of  acidity;  which  change  phosphoric 

moft  probably  arifes  from  its  combining  with  the  v AC1D‘  , 

earth  of  the  crucible. 

Phofphorus  may  likewife  be  converted  into  phof-  Phofphoric  acid; 

1 ...  . . . obtained  by  the 

phoric  acid  by  treating  it  with  nitrous  acid.  In  this  a&ion  of  nitrous 
operation  a tubulated  retort,  with  a ground  Hopper,  aud ' 
muft  be  half  filled  with  concentrated  nitrous  acid, 
and  a gentle  heat  applied.  Small  pieces  of  phofphorus 
being  then  introduced  through  the  tube,  will  be  dif- 
folved  with  an  effervefcence,  which  is  produced  by 
the  efcape  of  a large  quantity  of  nitrous  air.  This 
. addition  of  phofphorus  muft  be  continued  until  the 
; laft  piece  remains  undifiolved.  The  fire  being  then 
:raifed  to  drive  over  the  laft  portions  of  nitrous  acid, 
the  phofphoric  acid  will  be  found  in  the  retort ; partly 
i in  the  concrete,  and  partly  in  the  liquid  form. 

Vitriolic  acid  produces  nearly  the  fame  effect  as  the  — by  vitriolic 
• nitrous ; but,  being  lefs  volatile,  it  is  lefs  adapted  to 
; the  purpofe. 

The  ftrong  combuftion  of  phofphorus  effedbs  a de by  ftrong 

r , . , , , , . ...  combuftion: 

ccompontion  nearly  complete,  and  leaves  the  acid  in  a 

dry  ftate. 

Phofphoric  acid  is  likewife  produced  by  palling  a — by  a ftrcamsf 

vi tul  nr 

ftream  of  vital  air  through  phofphorus  liquefied  in  hot 
water. 

Phofphorus  combines  with  the  cauftic  fixed  alkalis  Phofphoric  he~ 
in  a boiling  heat,  and  forms  an  hepar  ; during  which  pJ'  * Jl1  *'r' s 
a peculiar  elaftic  fluid  is  given  out,  which  poflefles 
the  remarkable  property  of  taking  fire  as  foon  as  it 
c communicates  with  the  air  of  the  atmofphere.  This 
air  has  evidently  the  fame  relation  to  phofphorus  as 
the  common  hepatic  air  has  to  fulphur ; and,  like  Page  I35:, 

that, 
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Combination  of 
phofphorus  with 
fulphur : 


« — with  oils : 


— ardent  fpirits 
■ — metals. 


Metals  revived 
by  phofphorus. 


Ufes  of  phof- 
phorus. 


that,  it  probably  confifts  of  a folution  of  the  phof- 
phorus in  inflammable  air. 

Sulphur  and  phofphorus  unite  by  fufion,  and  form 
a folid  compound  of  a fetid  fmell,  which  burns  with; 
a yellow  flame,  and  fwells  in  water  ; at  the  fame  time' 
communicating  acidity  to  that  fluid,  and  emitting  a; 
fmell  of  hepatic  air.  All  kinds  of  oils  dilfolve  phof-* 
phorus,  and  are  rendered  luminous  by  it:  feveral 
eflential  oils  form  a folution  which  takes  fire  by  ex- 
pofure  to  the  air,  probably  in  confequence  of  thejl 

V. 

emiflion  of  phofphoric  air.  The  butter  of  wax,  which; 
confifts  of  wax  deprived  of  part  of  its  acid  by  diftil— 
lation,  is  faid  to  be  the  propereft  material  for  pro-  ■ 
ducing  this  effe£l.  Very  ftrong  ardent  fpirit  diflolveSi 
a fmall  portion  of  phofphorus,  which  gives  a percep-' 
tible  light  upon  the  addition  of  water.  Metals  do 
not  readily  combine  with  this  fubftance  when  Amply 
heated  with  it : but  when  the  phofphoric  acid,  toge- 
ther with  charcoal,  is  expofed  to  a ftrong  heat,  a 
confiderable  number  of  the  metals  may  be  made  to 
unite  with  it  *,  probably  in  confequence  of  their  be- 
ing previoufly  calcined  by  the  acid. 

When  a flick  of  phofphorus  is  plunged  in  the  folu- 
tions  of  gold,  filver,  copper,  and  other  metals,  the 
phofphorus  becomes  gradually  covered  with  a brilliant 
metallic  fheath,  the  phofphorus  becoming  acidified  as 
the  metal  is  revived. 

Phofphorus  has  not  yet  been  applied  to  any  ufe, 
excepting  that  a few  trials  have  been  made  of  its 
efficacy  in  medicine.  The  luminous  appearance  of 
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writing  made  of  a flick  of  phofphorus  upon  paper,  phosphoric 
or  any  other  fubftance  which  can  abrade  it,  is  fufn-  t ^ 
ciently  known.  There  is  forne  danger  of  its  catching 
tire  if  the  fridlion  be  fwift  or  violent  •,  and  for  that 
reafon  the  flick  of  phofphorus  ought  to  be  heid  in 
1 metallic  cafe,  and  a cup  of  water  fhould  be  at  hand 
:o  plunge  it  in.  It  'is  alfo  ufed  when  diffolved  in  Phofphoric 

r ° , . , matches. 

iflential  oils,  or  butter  of  wax,  to  make  tapers  or 
natches,  intended  to  fupply  the  place  of  flint  and  fleel 
n producing  light ; but  it  is  not  probable  that  thefe 
.rill  ever  be  afforded  fufficiently  cheap  to  anfwer  the 
: -jurpofe  of  a fubflitute  to  that  operation. 

The  acid  of  phofphorus  exifls,  as  has  been  already  Two  dates  of 

_ _ , - r phofphoric  acid, 

; bbferved,  m two  flates  fimilar  to  thofe  of  the  volatile 
; tnd  fixed  vitriolic  acids : and  the  difference  between 
: hefe  flates  arifes  likewile  from  a fimilar  caufe  ; name- 

•n  * 

1 1 v,  that  a part  of  the  phofphorus  is  not  converted 
nto  acid,  but  is  held  in  folution  by  that  part  which  Page  140.  14?, 

| 3 acidified.  Neither  of  the  kinds  of  phofphoric  acid 
ifes  totally  by  heat  like  the  volatile  vitriolic  acid.: 

:j  nut  that  which  contains  phofphorus  emits  white  fumes, 

1}  chich  feem  to  confifl  of  part  of  the  acid  combined 
vith  the  redundant  phofphorus  j and  the  refid  ue  melts 
fcj  nto  the  vitreous  form.  This  difference  between  the 
| itriolic  and  phofphoric  acids  depends  no  doubt  upon 
1 he  greater  degree  of  fixity  of  the  latter. 

The  phofphoric  acid  does  not  appear  to  adl  upon  Combinations  of 
■ liceous  earth,  though  it  corrodes  glafs  when  hot.  It 
' nites  with  clay  in  the  dry  way.  "With  calcareous 
arth  it  forms  a combination  fcarcely  foluble  in  water, 
nlefs  there  be  an  excefs  of  acid : it  has  been  already 
lOticed  that  the  earthy  refidue  of  bones  confifls  of 

this 
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phosphoric  this  fubftance.  With  ponderous  earth  it  forms  a fait 
t ACm‘  j whofe  properties  are  little  known  ; and  with  magnefia 
it  forms  a cryftallizable  compound  of  difficult  folu- 
bility. 

Combinations  of  This  acid,  when  in  combination  with  the  vegetable 

phofphoric  acid  ....  - 

alkali,  forms  a very  foluble  fait,  which  is  fufpended 
in  confiderably  greater  quantity  in  hot  than  in  cold 
water.  It  feparates  from  the  liquid  in  cryftals,  either  : 
by  cooling  or  evaporation.  The  combination  of  phof- 
pharic  acid  with'  mineral  alkali  conftitutes  a fait  of 
an  agreeable  tafte,  refembling  that  of  common  fait. . 
It  is  not  eafily  cryftallized,  by  reafon  of  its  difpofi-  > 
tion  to  form  an  adhefive  matter  by  evaporation, , 
which  refembles  gum.  A fmall  excefs  of  alkali  ren-  - 
ders  it  more  difpofed  to  cryftallize,  and  caufes  it  to  i 
efflorefce  by  expqfure  to  the  air.  This  fait  has  been  f 
lately  introduced  into  medicine.  The  combination  of  i 
volatile  alkali  with  phofphoric  acid  is  likewife  more: 
foluble  in  hot  than  in  cold  water,  and  affords  cryftals  f 
by  cooling.  An  excefs  of  alkali  renders  the  cryftal-- 
lization  more  eafy.  It  is  greatly  difpofed  to  fly  off  by1 
a gentle  heat. 

The  phofphoric  falts  were  firft  obtained  from  urine.  \ 
This  animal  fluid  confifts  of  a large  quantity  :of  wa- 
ter; the  acids  of  phofphorus  and  of  the  calculus  of! 
the  bladder,  both  in  a difengaged  ftate ; fome  common  f 
fait.,  with  the  faline  combinations  of  the  phofphoric  f 
acid  with  lime,  mineral  alkali,  and  volatile  alkali ; and  I 
two  kinds  of  extractive  matter,  one  of  which  is  folu- 
ble in  ardent  fpirit,  and  the  other  in  water.  When 
urine  is  expofed  to  evaporation  by  heat,  it  affumesai 
darker  colour ; and  a pulverulent  matter  falls  down, 

which 
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which  confifts  of  the  calcareous  phofphoric  fait,  and  phosphoric 

the  acid  of  the  human  calculus.  If  the  urine  be  lil-  t j 

tered  as  foon  as  it  has  acquired  a vifcid  confiftence, 

it  affords  faline  cryftals  by  cooling.  Thdfe  confiff  of  Salts  from  urine. 

the  common  fait,  and  alfo  of  a triple  combination  of 

phofphoric  acid  with  the  mineral  and  vegetable  alkalis, 

which  is  generally  known  by  the  name  of  microcof-  Microcofmio 

mic  fait.  Repeated  evaporations  and  coolings  are 

required  to  deprive  urine  of  the  moft  part  of  its  falts. 

Subfequent  folution  in  water,  heated  and  cooled  in 
doled  veffels,  purifies  the  phofphoric  cryftals,  and 
feparates  the  fait  with  the  bafe  of  volatile  alkali  from 
that  which  contains  mineral  alkali.  As  the  former  of 
thefe  falts  only  is  decompofed  by  heating  with  char- 
coal, it  is  from  this  alone  that  the  phofphorus  of  urine 
is  obtained.  The  combination  of  mineral  alkali  with  Perlate  acid, 
phofphoric  acid  was  for  fome  time  fuppofed  to  be  a 
peculiar  acid,  and  was  called  the  perlate  acid. 

The  microcofmic  fait  has  been  applied  to  great  ufe 
ay  the  celebrated  Bergman,  as  a flux  in  blow-pipe 
experiments.  1 

Phofphoric  acid  unites  with  feveral  of  the  metallic  Combinations  of 

1 to  M r r 1 ■ i • phofphoric  acid 

:alces.  It  acts  upon  ous,  to  iome  01  which  it  com-  with  metais  and 

nunicates  a peculiar  flavour,  and  it  thickens  others.  0lls‘ 

.t  has  not  been  well  decided  whether  it  can  be  exhi- 
fiied  in  the  elaftic  ftate  at  the  temperature  of  the 
itmofphere. 

The  faline  compounds  formed  by  the  phofphoric 
icid,  when  not  totally  acidified,  appear  to  differ  from 
hofe  of  the  complete  acid  ; but  few  experiments  have 
:>een  made  with  thefe. 

The  theory  of  the  converfion  of  phofphorus  into  Theory. 
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phosphoric  an  acid,  and  the  redu£tion  into  its  original  ftate  by 
t C1D*  j treatment  with  charcoal,  is  perfectly  fimilar  to  that  of 
Theory.  fulphur  and  vitriolic  acid.  When  phofphorus  is 
burned,  there  is  an  abforption  of  vital  air,  at  the  fame 
time  that  phlogiflon,  or  the  principle  of  inflammabi- 
lity, is  fuppofed  to  be  extricated.  In  this  manner  the 
phofphorus  is  converted  into  an  acid,  which,  when 
water  is  not  prefent,  has  the  appearance  of  white 
flakes  y and  in  every  ftate  weighs  confiderably  more 
than  the  phofphorus  itfelf.  On  the  other  hand,  when 
phofphoric  acid  is  heated  with  charcoal,  the  vital  air  is 
abforbed  by  the  latter ; at  the  fame  time  that  the 
phofphoric  bafis  is  fuppofed  to  receive  phlogifton  from 
the  charcoal,  and  by  that  means  recovers  its  original 
ftate.  According  to  the  new  theory,  the  phofphorus 
is  confidered  as  a Ample  fubftance,  relatively  to  the 
prefent  ftate  of  our  knowledge  ; its  converflon  into  an 
acid  being  fuppofed  to  confift  merely  in  the  abforption 
of  vital  air,  and  its  revivification  in  the  difengagement 
of  that  fubftance. 
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OP  THE  METALLIC  ACIDS;  OF  ARSENIC,  OF  MOLYB- 
DENA,  AND  OF  TUNGSTEN,  OR  WOLFRAM. 


ACIDITY. 


. 


TN  the  preceding  chapters  we  have  exhibited  a num- 

her  of  inftances  in  which  the  procefs  of  com-  peti,0fp^ft 
bullion  has  converted  inflammable  fubftances  into  the  lai^s  and 

doftrines  con- 

acids : whence  it  may  be  inferred,  as  a general  rule,  tained  in  the 
that  acidity  is  the  date  of  a combuftible  body,  which  k'-'-1011- 
is  burned,  either  completely  or  nearly  fo  ; whether 
fuch  combuftion  be  made  to  confift  in  the  difeiigage- 
ment  of  phlogifton  and  abforption  of  pure  air,  or 
whether  it  be  (bated  Amply  as  the  latter  effect.  We 
have  feen  that  fulphur,  which  is  highly  inflammable, 
becomes  converted  into  vitriolic  acid  air,  which  is  not 
at  all  inflammable  ; and  that,  when  completely  burned, 
it  becomes  vitriolic  acid,  in  which  the  peculiar  pro- 
perties of  that  clafs  of  bodies  are  mod  eminently 
feen.  Phlogifficated  air,  which,  by  reafon  of  its  flight 
tendency  to  unite  with  vital  air,  appears  to  require 
either  a long  expofure  to  that  fubftance,  or  the  fuccef- 
iive  ignition  of  its  parts  by  eledlricity,  is  found  to  form 
: nitrous  air  when  the  combuftion  is  incomplete — a 
fubftance  which  has  no  acid  properties  ; but  which  be- 
comes nitrous  acid  of  various  degrees  of  aciditv,  ac- 
cording to  the  dofe  of  vital  air  it  may  be  combined 
with,  and  perhaps  the  extrication  of  phlogifton.  The 
metals  have  been  (hewn  to  be  combuftible,  as  well  bv 
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metals. 


General'  infer- 
ences ; by  con- 


jecture. 


metallic  the  a&ion  of  acids,  as  by  heating  them  with  accefs  of 
AC‘DS‘  t pure  air.  When  they  are  thus  calcined  they  become 
Acidification  of  foluble  in  acids.  Some  of  the  metallic  bodies  have 
been  difcovered  to  be  fufceptible  of  a farther  continu- 
ation of  the  procefs  by  which  they  are  calcined  \ and 
this  continuation  is  found  to  change  them  into  acids 
foluble  in  water,  and  difpofed  to  combine  with  and 
neutralize  alkaline  fubftances.  Hence  there  feem  to 
be  certain  periods  of  combuftion  at  which  the  fame 
firnple  bafis  becomes  fucceffively  converted  into  a 
calx,  or  fubftahce  capable  of  neutralizing  acids ; and 
afterwards  into  one  which  combines  with  and  neu-> 
tralizes  alkalis.  If  we  might  generalize  this,  it 
would  be  fair  tp  conclude  that  all  metals  are,  in  their 
own  nature,  capable  of  being  converted  into  acids ; 
that  all  acids  are  reducible  to  inflammable  fubftances, 
though  art  has  not  yet  devifed  the  means  of  doing  it 
in  every  inftance  *,  and  it  might  be  conjectured  that 
the  fixed  alkalis  themfelves  may  ccnfift  of  combina- 
tions of  inflammable'  fubftances  with  pure  air,  to 
which  they  may  adhere  with  too  ftrong  an  affinity  to 
be  feparated  by  means  of  any  medium  we  are  ac- 
quainted with. 

Metals  acidified.  The  metallic  fubftances  which  have  been  acidified 
are,  arfenic,  molybdena,  and  wolfram. 

Arftnlc.  Arfenic  is  a fubftance  which  combines  with  and 
mineralizes  many  of  the  metals,  and  is  fublimed  from 
them  in  the  form  of  a white  calx.  It  is  not  clearly 
afeertained,  in  a number  of  inftances,  whether  ths 
.metals  be  combined  with  this  calx,  or  with  the  metal, 
or  with  the  acid  it  is  capable  of  being  converted  into. 

If  this  white  calx  be  diffolvcd  in  three  times  its  weight 
. of 
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©f  boiling  muriatic  acid  in  a tubulated  retort,  and 
twice  its  weight  of  nitrous  acid  be  then  added,  and 
the  evaporation  ftill  continued,  the'  former  acid  wid 
fly  oiT  in  the  elaftic  date;  while  the  nitrous  acid  will 
be  decompofed,  and  will  convert  the  arfenic  into  a 
concrete  acid.  The  purity  of  this  may  be  afeertained 
by  igniting  it ; for  this  degree  of  heat  will  drive  oft' 
any  portion  of  the  other  acids  that*  may  remain. 

The  arfenical  acid  is  much  more  fixed  in  the  fire 
than  the  calx  itfelf ; it  may  even  be  fufed  into  a 
tranfparent  glafs.  It  is  flightly  deliquefcent,  and  re- 
quires twice  its  weight  of  water  to  diffplve  it.  finis 
acid  forms  a faline  combination  with  argillaceous 
earth,  which  coagulates  as  foon  as  it  arrives  at  the 
point  of  faturation.  With  lime  it  forms  a cryftal- 
lizable  fait.  With  ponderous  earth  it  forms  a fait 
of  difficult  folubility.  With  magnefia  it  produces  a 
coagulum,  or  gelatinous  fubftance.  It  does  not  act 
upon  filiceous  earth,  unlcfs  perhaps  in  the  dry  way. 

The  combination  of  this  acid  with  vegetable  alkali 
forms  a deliquefcent  fait,  which  does  not  crydallize  ; 
but  if  there  be  a fmall  excefs  of  the  acid,  the  ablution 
will  afford  fine  cryftals,  which  are  the  neutral  arfe- 
nical fait  of  Macquer.  The  mineral  alkali,  faturated 
with  arfenical  acid,  affords  a cryftallizable  fait  nearly 
refembling  the  foregoing.  It  unites  likewife  with  the 
volatile  alkali,  and  forms  a fait  in  cryftals.  When 
this  is  expofed  to  diftillation,  part  of  the  alkali  is  dc~ 
compofed  ; phlogifticated  air.  is  given  out;  and  the 
acid,  being  reduced  to  the  calciform  ftate,  fublimcs. 

Mere  heat  in  an  open  veffel  gradually  reduced 
die  acid  of  arfenic  to  the  ftate  of  calx,  which  fub- 
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metallic  limes.  When  the  fluid  acid  is  digefled  with  char- 
c Acu>b'  J coal  powder,  no  change  takes  place  until  the  moifture 
Reduction  of  is  evaporated ; and  when  the  heat  is  raifed  to  igni- 
arfeou.ai  aud.  tjorij  a fuc\tlen  combuftion  takes  place,  all  the  acid  is 

reduced  and  fublimed  into  the  neck  of  the  retort,  the 
greater  part  being  in  the  form  of  the  metallic  regulus, 
and  the  reft  calx.  Continued  digeftion  with  oils  re- 
combination vires  this  acid.  It  unites  with  fulphur  by  fufion,  the 
with  fuiphur,  v/}1Gie  jnafs  rifing  almoft  inftantly  in  the  form  of  a 

red  fublimate,  at  the  fame  time  that  volatile  fulphu- 
reous  acid  pafles  into  the  receiver.  - 
Theory.  The  theory  of  thefe  fa£Is  will  not  be  difficult  to 

j 

the  reader  who  has  attentively  confidered  the  preced- 
ing chapters.  The  white  calx  of  arfenic  was  diflblved 
in  marine  acid ; becaufe  it  is  required  to  be  had  in  a 
ftate  of  extreme  divifion,  and  becaufe  the  nitrous  acid 
can  only  difl'olve  it  very  fparingly.  The  nitrous  acid 
is  added  ; becaufe  it  readily  give?  out  vital  air  (and 
perhaps  abferbs  phlogifton),  while  it  becomes  con- 
verted into  nitrous  air,  which  flies  off.  The  calx  of 
arfenic  thus  becomes  completely  acidified.  This  acid, 
at' a ftrong  temperature,  decompofes  volatile  alkali, 
which  is  a compound  of  phlogifticated  and  inflamma- 
ble air.  This  laft  principle  either  affords  phlogifton 
to  the  acid,  and  reduces  it  to  the  ftate  of  a calx ; or, 
according  to  the  new  theory,  performs  the  fame  thing 
by  uniting  with  the  vital  air,  and  forming  water.  And 
a fimilar  explanation  will  ferve  for  the  effects  of  char- 
coal, or  oils,  which  either  afford  phlogifton,  or  abforb 
the  vital  air.  With  refpedt  to  the  effects  of  fulphur,  part 
of  it  is  acidified  by  combuftion,  or  combination  with 
the  vital  air  of  the  acid,  and  comes  over  in  tire  form 

of 
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of  vitriolic  acid  air ; while  the  reft  combines  with  the 
arfenic,  which  is  reduced,  but  in  what  degree  does  not 
clearly  app'ear. 


METALLIC 

ACIDS. 


Molybdena  is  a fubftance  which  greatly  refembles  Charafter*  of 

. . j.  , , molybdena. 

plumbago,  or  black  lead  *,  but  its  texture  is  icaly,  ana 
it  is  not  eafily  pulverifed,  on  account  of  a degree  of 
flexibility  which  its  laminae  poflefs.  If  it  be  tritu- 
rated in  a mortar  with  vitriolated  tartar,  this  faline 
fubftance  will,  by  the  hardnefs  and  angular  figure  of 
its  particles,  render  it  more  eafily  pulverable ; and 
when  this  purpofe  is  accomplifhed,  the  fait  may  be 
waflied  away  by  feveral  affufions  of  water.  If  the  Procefs  for  ob- 

' . _ . tainincr  the  acid 

powder  be  then  placed  in  a retort,  with  five  or  fix  times  0f  molybdena. 

its  weight  of  diluted  nitrous  acid,  and  diftillation  be 

carried  on  to  drynefs,  it  is  found  that  volatile  vitriolic 

acid  and  nitrous  air  are  extricated,  and  the  colour  of 

the  refidue  becomes  lighter.  More  acid  muft  then  be 

added,  and  the  diftillation  again  repeated  till  the 

fourth  or  fifth  time.  A ftrong  heat  is  required  to 

drive  off  the  laft  portions  of  vitriolic  acid  formed  by 

the  fulphur.  When  no  more  red  vapours  appear, 

the  refidue  will  be  white  and  pulverulent,  refembling 

chalk.  This  is  the  acid  of  molybdena.  It  requires 

near  five  hundred  times  its  weight  of  boiling  water 

to  diffolve  it,  and  exhibits  weak  acid  properties. 

This  acid  combines  with  lime,  magnefia,  and  cal-  Combinations, 
careous  earth,  with  which  it  forms  falts  of  very  diffi- 
cult folution.  When  added  to  a folution  of  ponderous 
earth  in  the  nitrous  or  marine  acids,  it  forms  a com- 
pound which  is  fparingly  foluble  in  cold  water ; and, 
on  that  account,  falls  to  the  bottom.  The  combi- 
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TUNGSTEN.  WOLFRAM. 
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nation  of  this  acid  with  vegetable  alkali  is  more  fblu- 
ble  in  water  than  tire  acid  itfclf,  and  affords  cryflals 
by  evaporation.  It  unites  likewife  with  the'  volatile 
alkali.  Several  of  the  metals,  when  diffolved,  are 
likewife  feized  by  this  acid,  and  precipitated  from 
their  folutions. 

When  the  acid  of  molybdena  is  heated  with  ful- 
phur  in  a retort,  placed  in  fuch  a manner  as  that  the 
fublimed  fulphur  may  melt  and  run  back  again,  a 
combination  between  thefe  two  fubftances  is  at  length 
produced  5 and  the  fuperfiuous  fulphur  flies  off,  being 
partly  converted  into  volatile  vitriolic  acid.  The  re- 
fidue  is  found  to  be  in  every  refpeCl  the  fame  as 
the  native  molybdena.  The  analyfis  of  molybdena 
by  the  nitrous  acid  fhewed  that  it  confifls  of  ful- 
phur united  to  a peculiar  acid,  or  acid  bafis  ; and 
this  fynthetical  production  of  molybdena  proves  the 
fame  thing. 

The  acid  of  tungften,  or  wolfram,  is  a peculiar 
metallic  fub fiance  obtained  from  thefe  minerals.  The 
tungften  is  a ponderous  ore,  of  a grey  colour,  and 
lamellar  texture.  It  confifls  of  the  metallic  calx,  or 
acid,  united  to  about  its  own  weight  of  calcareous 
earth.  Wolfram  is  a mineral  of  flill  greater  fpecific 
gravity,  which  is  formed  in  the  tin  mines  of  Corn- 
wall, and  elfe  where.  It  is  of  a brownifh  black  colour, 
of  a radiated  or  foliated  texture,  internally  fhining 
almofl  with  the  luflre  of  a metal.  It  is  of  a mo- 
derate hardnefs,  though  fometimes  fo  friable  as  to 
be  pulverable  between  the  fingers.  It  contains  about 
two-thirds  of  the  peculiar  calx  or  acid ; and  the 
o reft 
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refl:  confifls  chiefly  of  the  calces  of  manganefe  and  metallic 
iron.  If  either  of  thefe  minerals  be  pulverized  and  t ActPS‘  > 
digeftcd  in  the  vitriolic,  nitrous,  or  marine  acids  (but  Proccfs  for  ob- 
he  latter  is  the  mod  effectual),  the  calcareous  earth  of”ungften,aCor 
of  the  tungften,  or  the  manganefe  and  iron  of  the  wolfram* 
wolfram,  which  lie  on  the  external  furfaces  of  the 
a articles,  will  be  diffolved;  and  the  wolfram  calx, 
aeing  laid  bare,  will  exhibit  a yellow  colour.  The 
efiduum,  after  edulcoration,  or  wafhing  with  water, 
jcinsr  diuefted  with  volatile  alkali,  the  wolfram  calx, 

)r  acid,  will  be  taken  up,  or  extracted  from  the  fur- 
ace,  in  the  fame  manner ; the  yellow  colour  vanifh- 
ng  at  the  fame  time.  This  refidue,  after  edulcora- 
ion,  will  again  prefent  a furface  to  be  adted  upon  by 
he  marine  acid,  which  will  feize  another  ftratum  of 
articles,  that  in  the  former  digeftion  were  defended 
>y  the  wolfram  calx,  which  was  afterwards  taken  up 
>y  the  volatile  alkali.  In  this  manner,  by  the  alternate 
pplication  of  volatile  alkali  and  marine  acid,  the 
mineral  will  at  length  be  almoft  entirely  diffolved. 
he  portions  of  acid  arc  found  to  contain  either  the 
alces  of  manganefe  and  iron,  or  elfe  calcareous  earth, 
ccording  to  the  mineral  made  ufe  of;  and  the  alka- 
ne folvent  contains  the  acid  of  wolfram.  The  addi- 
;.on  or  nitrous  acid  to  this  laffc  fluid  precipitates  a fait 
-’Inch  has  acid  properties,  and  is  fparingly  foluble  in 
' "-^cr.  The  firfb  difeoverer  * called  it  the  acid  of 
angften,  though  in  fa£t  it  contains  both  volatile  al- 
....  and  nitrous  acid.  It  may  however  be  deprived 
f theie  lafl  by  calcination,  and  is  then  of  a brimftone. 
dlow  colour. 
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Proccfs  for  ob- 
taining the  acid 
of  tungften,  or 
wolfram. 


The  yellow  colour  produced  by  applying  marine 
or  nitrous  acid  in  a digefting  heat,  affords  an  eafy 
method  of  diftinguifhing  fuch  minerals  as  contain 
wolfram. 

In  the  dry  way,  if  the  vegetable  alkali  be  fufed 
with  either  of  thefe  minerals,  it  takes  up  the  calx 
or  acid.  This  being  diffolved  in  water,  filtered,  and 
evaporated  to  drynefs,  muff  be  boiled  in  nitrous 
acid  on  a fand  bath.  The  acid  takes  up  the  alkali, 
and  may  be  decanted  off.  A repetition  of  this 
boiling  for  two  or  three  times  with  frefh  acid,  will 
effectually  carry  off  the  whole  of  the  alkali ; and 
the  adhering  acid  may  be  driven  off  by  calcina- 
tion in  a cupelling  furnace.  The  powder  is  then 
yellow,  and  does  not  differ  from  that  obtained 
by  the  diftillation  of  volatile  alkali  in  the  moifl 


way. 


Charafters  of 
the  acid. 


This  matter  is  not  foluble  in  vrater ; but  when 
triturated  in  that  fluid  it  forms  an  emulfion,  which 
paffes  through  the  filtre,  and  does  not  completely 
fubfule  in  the  courfe  of  three  months.  This  does 
not  form  an  emulfion  with  acids.  Pure  vegeta- 
ble alkali  diffolves  it,  as  has  been  already  obfervedj 
but  the  produce  has  always  an  excefs  of  alkali.  If 
more  nitrous  acid  be  added  than  is  fufficient  to  fatu- 
rate  the  alkali,  a precipitate  falls  down,  which  ccn- 
fifts  of  acid,  alkali,  and  wolfram  calx.  The  addition 
of  lime  to  this,  or  to  the  precipitate  from  volatile 
alkali,  produces  a regenerated  tungften,  or  combina- 
tion of  lime  with  the  wolfram  calx  or  acid ; and  the 
alkali,  together  wdth  the  nitrous  acid,  are  found  in 
die  fupernatant  fluid. 

1 It 
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It  is  feen  * therefore  that  this  yellow  matter  is  either 
m acid,  or  in  a Hate  nearly  approaching  to  acidity : 
or  it  is  not  combinable  with  acids,  and  unites  readily 
:o  alkalis  and  calcareous  earth. 


metallic 

ACIDS. 


?• 


Arfenic,  molybdena,  and  wolfram,  are  reducible  to 
:he  metallic  Hate,  and  will  again  come  under  our 
nfpeclion  when  we  treat  of  that  clafs  of  bodies. 


The  beft  account  of  this  fubftancc  is  to  be  found  in  “ De 
duyart’s  Chemical  Analyfis  of  Wolfram,”  of  which  a tranlla- 
ion  was  printed  in  London,  1785,  with  Scheele  and  Bergman’s 
papers  prefixed. 
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OF  METALLIC  BODIES. 


CHAP.  I. 

CONCERNING  GOLD. 


- 


(fOLD  is  a yellow  metal,  of  much  greater  fpe-  G0L&, 

^ cific  gravity  than  any  other  body  in  nature,  v— — -»■ 

: except  platina.  It  is  foft,  very  tough,  dudile,  and  chairs 
i malleable  •,  unalterable  and  fixed,  whether  expofed  to  sol!i, 

: the  atmofphere,  or  to  the  ftrongeft  heat  of  furnaces. 

The  moft  powerful  burning  mirrors  are  faid  to  have 
volatilized  it ; and  it  has  been  driven  up  in  fumes,  in 
: the  metallic  Hate,  by  flame  urged  upon  it  by  a ft  ream 
of  dephlogifticated  air.  The  eledric  fhock  converts- 
’ « into  a purple  calx,  as  may  be  feen  by  tranfmitting. 

that' 
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COLD. 


lity  and  tenacity. 


Manufacture  of 
gold  leal  : 


that  commotion  through  gold  leaf  between  two  plates 
Obvious"  proper-  of  glafs  5 or  bY  caufmg  the  explofive  fpark  of  three 
ties-  or  more  fquare  feet  of  coated  glafs  to  fall  upon  a 

gilded  furface.  A drong  heat  is  required  to  melt  it, 
which  does  not  happen  till  after  ignition.  Its  colour 
when  melted  is  of  a blueifh  green ; and  the  fame 
colour  is  exhibited  by  light  tranfmitted  through  gold 
leaf. 

Extreme  JuCli-  The  limits  of  the  du£lility  and  malleability  of  gold 
* are  not  known ; and  its  tenacity  exceeds  that  of  any 
other  metal.  A gold  wire,  of  one  tenth  of  an  inch 
diameter,  requires  5001b.  weight  to  break  it. 

The  method  of  extending  gold,  ufed  by  the  gold- 
beaters, confids  in  hammering  a number  of  thin  rolled 
plates  between  fkins  or  animal  membranes.  By  the 
weight  and  meafure  of  the  bed  wrought  gold  leaf, 
it  is  found  that  one  grain  is  made  to  cover  5 6-|  fquare 
inches;  and  from  the  fpecific  gravity  of  the  metal, 
together  with  this  admeafurement,  it  follows,  that 
, its thicknefs.  the  leaf  itfelf  is  Part  °f  an  inch  thick.  This 

however  is  not  the  limit  of  the  malleability  of  gold  ; 
for  the  gold-beaters  find  it  neceflary  to  add  three 
grains  of  copper  in  the  ounce  to  harden  the  gold, 
which  otherwife  would  pafs  round  the  irregularities 
of  the  newed  fkins,  and  not  over  them  ; and  in  ufiiig 
the  old  fkins,  which  are  not  fo  perfect  and  fmooth, 
they  proceed  fo  far  as  to  add  twelve  grains.  The 
wire  which  is  ufed  by  the  lace-makers  is  drawn  from 
an  ingot  of  filvet,  previoufly  gilded.  In  this  way, 
from  the  known  diameter  of  the  wire,  or  breadth 
when  flattened;  and  its  length,  together  with  the 
quantity  of  gold  ufed ; it  is  found  by  computation 

that 
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Solvents. 


that  the  covering  of  gold  is  only  TV  part  of  the  thick- 
nefs  of  gold  leaf;  though  it  dill  is  fo  perfedhas  to 
exhibit  no  cracks  when  viewed  by  a microfcope. 

No  acid  adfs  readily  upon  gold  but  aqua  regia  and 
the  dephlogifticated  marine  acid.  The  vitriolic  acid 
diftilled  from  manganefe  has  fome  adtion  upon  it ; 
as  have  likewife  the  pale  -nitrous  acid,  and  the  phof- 
phoric  acid  when  boiling. 

The  fmall  degree  of  concentration  which  the  de-  Aqua  regia, 
phlogifticated  marine  acid  is  fufceptible  of,  and  the 
imperfedt  action  of  the  latter  acids,  render  aqua  regia 
the  mod  convenient  folvent  for  this  metal. 

When  gold  is  immerfed  in  aqua  regia,  an  effervef-  Solution  of  gold, 
cence  takes  place  with  the  efcape  of  air,  which  has 
not  been  examined  ; the  folution  tinges  animal  matters 
, of  a deep  purple,  and  corrodes  them.  By  careful  eva- 
. poration,  fine  cryflals  of  a topaz  colour  are  obtained. 

The  gold  is  precipitated  from  its  folvent  by  a great 
i number  of  fubftances.  Lime  and  magncfia  precipitate  Precipitates : 
it  in  the  form  of  a yellowifh  powder.  Alkalis  exhibit  — hy  earth*  ini 
the  fame  appearance;  but  an  excefs  of  alkali  redif- * 

: folves  the  precipitate.  The  precipitate  of  gold  ob- 
1 tained  from  aqua  regia  by  the  addition  of  a fixed 
. alkali,  appears  to  be  a true  calx,  and  is  foluble  in  the 
vitriolic,  nitrous,  and  marine  acids  ; from  which  how- 
ever it  feparates  by  Handing,  or  by  evaporation  of 
: the  acids.  The  nut  gall  precipitates  gold  of  a reddilh 
colour,  very  foluble  in  the  nitrous  acid,  to  which  it 
communicates  a fine  blue  colour. 

jj  The  volatile  alkali  precipitates  the  folution  of  gold  — volatile  »l- 
l much  more  readily  than  fixed  alkalis.  This  precipr-  kal'.‘ 

'•late,  which  is  of  a brown,  yellow,  or  orange  colour, 
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.gold.  poflefles  the  property  of  detonating  with  a very  cort- 
ProdudtToa  of Adorable  noife  when  gently  heated.  It  is  known  by 
•fulminating gold,  the  name  of  fulminating  gold.  The  prefence  of  vo* 
latile  alkali  is  neceflary  to  give  the  fulminating  pro-  i 
perty  to  the  precipitate  of  gold  ; and  it  will  be  pro- 
duced by  precipitating  it  by  fixed  alkali  from  an  aqua  ji 
regia  previoufly  m'ade  by  adding  fal  ammoniac  to 
nitrous  acid,  or  by  precipitating  the  gold  from  pure 
aqua  regia  by  means  of  fal  ammoniac  inftead  of  the 
volatile  alkali  alone.  The  fulminating  gold  weighs ; 
one  fourth  more  than  the  gold  made  ufe  of.  A con- 
fiderable  degree  of  precaution  is  neceflary  in  prepar- 
ing this  fubftance.  It  ought  only  to  be  dried  in 
the  open  air,  at  a difiance  from  a fire,  becaufe  a 
very  - gentle  heat  may  caufe  it  to  explode.  Several 
fatal  accidents  have  arifen  from  its  explofion,  in  con- 
sequence of  the  fritfiion  of  ground  ftoppers  in  bottles 
containing  this  fubftance,  of  which  a frnall  portion 
, remained  in  the  neck. 

— Analyfii.  Fulminating  gold,  when  expofed  by  Berthollet  to 
a very  gentle  heat  in  a copper  tube,  with  the  pneu- 
Page  50.  matical  apparatus  of  mercury,  was  deprived  of  its 
fulminating  quality,  and  converted  into  a calx,  at  the 
fame  time  that  alkaline  air  was  difengaged.  From 
this  dangerous  experiment  it  is  afcertained  that  ful- 
minating gold  conflfts  of  calx  of  gold,  combined 
■with  the  volatile  alkali.  The  fame  eminent  philofopher  ‘ 
caufed  fulminating  gold  to  explode  in  copper  veffels. 
Phlogifticated  air  was  difengaged,  a few  drops  of  water 
appeared,  and  the  gold  was  reduced  to  the  metallic  ; 
form.  From  this  experiment  he  infers  that  the  volatile 

alkali  was  decompofed ; that  the  phlogifticated  air,  fuH- 

denly 
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dcnly  affuming  the  elaftic  ftate,  caufed  the  explofion  ; 
while  the  vital  air  of  the  calx  united  with  the  inflam- 
mable air  of  the  alkali,  and  formed  the  water. 

This  fatisfa&ory  theory  was  (till  further  confirmed 
by  that  decompofition  of  fulminating  gold,  which  takes 
place  in  confequence  of  the  adfion  of  the  concentrated 
vitriolic  acid,  of  melted  fulphur,  fat  oils,  and  ether'; 
all  which  deprived  it  of  its  fulminating  quality  by 
combining  with  its  volatile  alkali. 

Liver  of  fulphur  precipitates  gold  from  its  folvent ; 
the  alkali  uniting  with  the  acid,  and  the  gold  falling 
down,  combined  with  the  fulphur ; of  which  how- 
ever it  may  be  deprived  by  moderate  heat.  \ 

Molt  metallic  fubftances  precipitate  gold  from  aqua 
regia ; lead,  iron,  and  filver  precipitate  it  of  a deep 
and  dull  purple  colour ; copper  and  iron  throw  it 
down  in  its  metallic  Hate ; bifmuth,  zinc,  and  mer- 
cury, likewife  precipitate  it.  A plate  of  tin  immerfed 
in  a folution  of  gold  affords  a purple  powder,  called 
<(  the  purple  powder  of  Caflius,”  which  is  tfired  to 
paint  in  enamel.  There  are  various  methods  of 
managing  this  procefs.  That  defcribed  by  Macquer 
confifts  in  diffolving  tin  by  very  fmall  portions  at  a 
time  without  heat,  in  an  aqua  regia  compofed  oi 
two  parts  of  nitrous,  and  one  of  marine  acid,  pre- 
vioufly  weakened  with  water  equal  in  weight  to  both 
the  acids.  The  firfl  fmall  portion  of  tin  muff  be 
fuffered  to  be  entirely  diiTolved  before  a fecond  is 
added.  This  addition  mull  be  continued  till  the  acid 
has  acquired  a yellow  colour,  and  fcarcely  a£ts  at  all 
■ upon  the  tin  laft  added. 
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Precipitat'on  cf 
gold  by  liver  ot 
l'ulphur : 


— by  metallic 
fubftances. 


Procefs  for  mak- 
ing the  purple 
powder  of  Caf- 
fius. 
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ing  the  purple 
powder  of  Caf- 
fius. 


On  the  other  hand,  the  pureft  gold  muft  be  diffolved 

Procefs'for  m ik  *n  an  atlua  regia,  compofed  of  three  parts  of  nitrous, 
and  one  of  marine  acid.  This  folution  may  be  made 
as  expeditioufly  as  the  operator  choofes  by  the  aflift- 
ance  of  the  heat  of  a fand  bath. 

The  folution  of  tin  muft  then  be  largely  diluted  •, 
as,  for  example,  with  one  hundred  parts  of  diddled 
w'ater  ; and  a fmall  quantity  of  this  may  then  be  aflayed 
by  feparating  it  into  two  parts,  and  diluting  one  of 
the  parts  dill  farther.  Upon  trial  of  both,  by  letting 
fall  a drop  of  the  folution  of  gold  into  each,  it  will 
be  feen  which  affords  the  mod  beautiful  purple  pre- 
cipitate. The  whole  of  the  folution  of  tin  mud 
accordingly  be  altered,  if  neceflary,  by  adding  more 
water.  Pour  into  this  folution,  in  a large  glafs  or 
earthen  veffel,  nearly  half  as  much  of  the  folution  of 
gold  as  it  contains  of  folution  of  tin,  dirring  the  mix^ 
ture  with  a glafs  dick.  In  a fhort  time  the  liquor 
will  become  of  a beautiful  jed  colour,  which  will 
gradually  difappear  by  the  fubfidence  of  the  precipi- 
tate. By  adding  a fmall  quantity  of  folution  of  tin, 
it  will  be  feen  whether  the  whole  of  the  gold  is  preci- 
pitated. The  clear  liquor  mud  then  be  decanted, 
and  the  precipitate  wafhed.  It  confids  of  the  calces 
of  gold  and  tin  in  combination,  and  is  the  only 
known  fubdance  which  has  the  property  of  commu- 
nicating a purple  colour  to  glafs. 

The  difficulties  attending  the  preparation  of  this, 
article  appear  to  depend  on  the  date  of  the  tin.  If 
the  folution  - of  this  metal  be  made  with  heat  and 
rapidity,  it  becomes  too  much  calcined  to  adhere  to 
7 ' the 
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the  acid,  or  to  precipitate  the  gold;  and  the  combi-  gold. 

nation  of  the  two  metals  which  falls  down,  varies  in  v * r 

colour  accordingly  as  this  term  is  approached.  Thefe 
are  the  chief  circumftances ; but  there  is  no  doubt 
that  a complete  examination  of  the  procefs  would 
indicate  others  worthy  of  notice. 

Ether,  naptha,  and  elfential  oils,  take  gold  from  its  Solutions  of  gold 
folvent,  and  form  liquors  which  have  been  called  m c 1U> 
potable  gold.  Ehe  gold  which  is  precipitated  by 
evaporation  of  thefe  fluids,  or  by  the  addition  of 
martial  vitriol  to  the  folution  of  gold,  is  of  the  utmolt 
purity. 

In  the  dry  way,  gold  refills  the  a&ion  of  neutral  Gold  refills 
lalts,  more  efpecially  nitre,  which  deflagrates  with  "1UL ' 
the  imperfect  metals.  Nitre  however  does  not  afford 
■an  expeditious  way  of  purifying  gold,  becaufe  this 
metal  in  fome  meafure  prote£ls  and  covers  the  alloys 
■ from  its  adlion.  It  is  remarked  that  borax,  ufed  as  — but  Is  rea- 
,a  flux  with  gold,  renders  it  paler;  and  that  this  al-  ;pak  by 
deration  of  colour  difappears  by  the  addition  of  nitre, 
t common  fait.  As  the  acid  of  borax  forms  a com- 
pound with  gold,  which  falls  to  the  bottom  when  this 


icid  is  added  to  the  metal  in  folution,  it  is  probabL 
! ^at  the  palenefs  produced  by  borax  may  arife  fron 
he  combination  of  a fmall  portion  of  its  acid  witl 
he  gold,  which  might  be  driven  off  by  a continu 
i.ice  of  the  heat ; and  unites  by  llronger  affinity  witl 
he  alkali  of  the  nitre,  or  of  the  common  fait,  ii 
iroportion  as  their  acids  are  diffipated  by  heat. 

Earths  and  alkalis  do  not  aCl  on  gold  in  the  dr 
vay.  Sulphur,  which  combines  with  moll  metals 
-'as  no  effba  on  this.  A procefs  called  dry  parting 
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DRY  PARTING. 


gold.  Is  grounded  on  this  property,  and  is  more  especially 
Procefs'of  dr/  u^cc^  Separating  fdver  from  gold,  when  the  quantity 
parting.  of  tlais  latter  metal  is  too  fmall  to  anfwer  the  charges 

of  diffolving  the  larger  mafs  of  filver  in  nitrous  acid. 

For  this  purpofe,  the  mixed  metal  is  fufed,  and  flowers 
of  fulphur  thrown  on  its  Surface.  This  combines  with 
the  Silver  in  the  form  of  a black  fcoria  ; while  the 
gold  remains  at  the  bottom  in  its  metallic  Hate.  The 
operation  of  dry  parting  does  not  leave  the  gold  in  a 
Bate  of  purity ; becaufe  the  laft  portions  of  Silver  are 
defended  from  the  adlion  of  the  fulphur.  But  when 
the  quantity  of  Silver  is  thus  diminished,  the  operation 
of  parting  with  aqua  fortis,  or  nitrous  acid,  may  be 
advantageoufly  ufed. 

Combination  Liver  of  Sulphur  diflblves.  gold  in  the  dry  way~ 
fulphur"  ° Equal  parts  of  fulphur  and  vegetable  alkali  are  to  be 
haflily  fufed  with  one  fourth  of  a part  of  gold  leaf. 
This  combination  is  foluble  in  water,  with  which  it  I 
forms  a yellowifh  green  Solution.  By  the  addition  of 
an  acid  the  gold  is  thrown  down  in  combination 
with  the  fulphur ; of  which  it  may  be  deprived  by 
heat. 

— with  ms-nk.  Mofl  metals  unite  with  gold  by  fufion.  With  Sli- 
ver it  forms  a compound,  which  is  paler  in  propor- 
tion to  the  quantity  of  filver  added.  It  is  remarkable 
that  a certain  proportion,  for  example  a fifth  part, 
renders  it  greenifh.  From  this  circumftance,  as  well 
as  from  that  of  a considerable  proportion  of  thefe 
metals  Separating  from  each  other  by  fuflon,  in  con- 
fequence  of  their  different  Specific  gravities,  when 
their  proportions  do  not  greatly  differ,  it  fhould  Seem 
that  their  union  is  little  more  than  a mere  mixture, 

without 
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'without  combination.  For  as  gold  leaf  tranfmits  the  gold. 
green  rays  of  light,  it  will  eafily  follow,  that  par-  ' v * 
tides  of  filver,  enveloped  in  particles  of  gold,  will 
Teflecf  a green  inftead  of  a white  light. 

A ftrong  heat  is  neceflary  to  combine  platina  with  Combinations 

^ , r 'c  • with  metals. 

gold  •,  it  greatly  alters  the  colour  of  the  gold  if  its  piatina. 

weight  exceed  the  forty-feventh  part  of  the  rnafs : it 

does  not  much  aftedl  the  dudlility.  The  Spanifh 

miniflry  has  prohibited  the  exportation  of  platina  from 

America,  left  it  fhould  be  ufed  in  adulterating  gold ; 

but  this  does  not  appear  to  be  a danger  which  need  be 

feared,  as  chemiftry  has  long  been  in  pofteffion  of  Vide  p..  227,  and 

feveral  fimple  and  expeditious  methods  of  diftinguifh-  this  fe&ioii. 

ing  this  fraud,  which  befides  is  evident  to  the  fight 

when  the  quantity  of  debafement  is  confiderable.  It 

may  be  queftioned,  likewife,  whether  the  value  of 

platina  would  not  foon  exceed  that  of  geld,  if  its 

properties  and  ufes  were  better  known  in  fociety. 

Mercury  is  ftrongly  difpofed  to  unite  with  gold  in  Mercury  r 
all  proportions,  with  which  it  forms  an  amalgam : 
this,  like  other  amalgam5*  is  fofter,  the  larger  the 
proportion  of  mercury.  It  foftens  and  liquefies  by 
• heat,  and  cryflallizes  by  cooling. 

Lead  unites  with  gold,  and  confiderably  impairs  — lead,  copptj, 

■ its  du&ility.  Copper  renders  gold  lefs  ducfile,  harder, 
more  fufible,  and  of  a deeper  colour.  This  is  the 
ufual  addition  in  coin,  and  other  articles  ufed  in  fo- 
eiety.  rlin  renders  it  brittle  in  proportion  to  its  quan-  Alchome  in 
"tity ; but  it  is  a common  error  of  chemical  writers 
to  fay  that  the  flighted;  addition  is  fufticient  for  this 
purpofe.  With  iron  it  forms  a grey  mixture,  which 
£>beys  the  magnet.  This  metal  is  very  hard,  and  is 

fold 
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Purification, 


faid  to  be  much  fuperior  to  fteel  for  the  fabrication  of 
cutting  inflruments.  Bifmuth  renders  gold  white  and 
brittle ; as  do  likewife  nickel,  arfenic,  and  antimony. 
Zinc  produces  the  fame  effect ; and,  when  equal  in 
weight  to  the  gold,  a metal  of  a fine  grain  is  pro- 
duced, which  is  faid  to  be  well  adapted  to  form  the 
mirrors  of  reflecting  telefcopes,  on  account  of  the 
fine  polifh  it  is  fufceptible  of,  and  its  not  being  fub- 
jeCt  to  tarnifh.  The  alloys  of  gold  with  the  regulus 
of  manganefe  or  molybdena  are  not  known.  It  could 
not  be  mixed  with  the  regulus  of  wolfram,  on  account 
of  the  infufibility  of  this  laft  fubftance. 

Gold  is  found  moftly  in  the  metallic  ftate,  though 
generally  alloyed  with  filver,  copper,  iron,  or  all 
three.  It  is  found  either  in  feparate  lumps,  or  vifible 
grains,  among  the  fands  of  rivers  in  many  parts  of 
Europe,  and  elfewhere.  The  quantity  is  for  the  mofl 
part  infufficient  to  pay  the  coft  of  feparating  it ; but 
it  is  thought  to  be  more  univerfally  diffufed  in  fands 
and  earths  than  any  other  metal,  except  iron.  The 
greateft  quantity  of  gold  is. imported  into  Europe  from 
.South  America.  Some  is  brought  from  the  Eaft 
Indian  iflands  and  China,  and  fome  from  the  coafl 
of  Africa.  The  principal  gold  mines  in  Europe  are 
thofe  of  Hungary.  Some  fands  afford  gold  by  Ample 
waffling  *,  the  heavy  metallic  particles  fubfiding  foonefl: : 
but  when  it  is  bedded  in  earths  or  ftones,  thefe  fub- 
flances  are  pounded,  and  boiled  with  one  tenth  of 
their  weight  of  mercury,  together  with  water.  The 
mercury,  after  a certain  time,  abforbs  the  gold,  and 
may  be  feparated  by  preflure  through  leathern  bags, 
and  fubfequent  diftillation.  Or  otherwife,  if  the 
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(and  be  heated  red  hot,  and  quenched  in  water  fev'c- 
ral  times,  for  the  purpofe  of  cracking  and  dividing 
it,  and  the  whole  be  then  melted  into  glafs,  v^itl; 
twice  its  weight  of  the  calx  of  lead,  called  litharge, 
and  charcoal  powder  be  then  added,  the  lead  will  be 
revived  into  the  metallic  ftate,  and  will  carry  the  gold 
along  with  it.  By  expofure  to  a proper  degree  of 
heat,  with  accefs  of  air,  the  lead  may  again  be  con- 
verted into  litharge,  and  the  gold  will  be  left  pure. 

This  laft  operation  is  in  fa<T  a method  of  allaying 
funds  which  contain  gold,  ratjier  than  of  obtaining 
it  from  them  in  the  large  way. 

Gold  is  alfo  found  in  certain  martial  pyrites  in  Pyrites  contai*- 
Sweden  and  elfewhere ; from  which  it  may  be  ex-  in§  8°ld'’ 
tracked  by  torrefa&ion,  or  burning  of  the  fulphur, 
and  fubfequent  digeftion  in  aqua  regia, 

To  obtain  gold  in  a ftate  of  purity,  or  to  afcertain  Cupellatiqu  of 
the  quantity  of  alloy  it  may  contain,  it  is  expofed  g°ld’ 

■ to  a ftrong  heat,  together  with  lead,  in  a porous 
1 crucible.  This  operation  is  called  cupellation,  and 

is  performed  as  follows  : The  precious  metal  is  put, 

■ together  with  a due  proportion  of  lead,  into  a fhallow 
crucible  made  of  burned  bones,  called  a cupel ; and 

t the  fufion  of  the  metals  is  effected  by  expofing  them 
: to  a confiderable  heat  in  a muffel,  or  fmall  earthen 
oven,  fixed  in  the  midft  of  a furnace.  The  lead 
continually  vitrifies,  or  becomes  converted  into  a 
„glafly  calx,  which  diflolves  all  the  imperfect  metals. 

This  fluid  glafs,  with  its  contents,  foaks  into  the 
| cupel,  and  leaves  the  precious  metal  in  a ftate  of 
purity.  During  the  cupellation,  the  fcorite  punning 
down  on  all  Tides  of  the  metallic  mafs,  produce  an 

0^.4  appear-? 
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appearance  called  circulation ; by  which  the  operator 
judges  whether  the  procefs  is  going  on  well.  When 
the  metal  is  nearly  pure,  certain  prifmatic  colours 
flafh  fuddenly  acrofs  the  furrace  of  the  globule, 
which  foon  afterward  appears  very  brilliant  and 
clean  : this  is  called  the  brightening,  and  fliews  that 
the  feparation  is  ended. 

After  gold  has  palled  the  cupel,  it  may  ftill  contain 
either  of  the  other  perfedl  metals,  platina  or  filver. 
'I  he  former  is  feldom  fufpedfed;  the  latter  isfeparated 
by  the  operations  called  quartation  and  ^parting. 
— by  quartation : Quartation  confifts  in  adding  three  parts  of  filver 
to  the  fuppofed  gold,  and  fufmg  them  together ; by 
which  means  the  gold  becomes  one  fourth  of  the  mafs. 
only.  The  intention  of  this  is  to  feparate  the  parti- 
cles of  gold  from  each  other,  fo  that  they  may  not 
cover  and  defend  the  filver  from  the  adfion  of  the  pure 
nitrous  acid,  which  is  to  be  ufed  in  the  prccefs  of* 
and  pwting.  parting.  Parting  confifts  in  expoling  the  mafs,  pre- 
vioully  hammered,  or  rolled  out  thin,  to  the  adtion  of 
boiling  aqua  fortis  of  a due  ftrength.  If  the  acid  be 
not  too  concentrated,  it  diffolves  the  filver,  and  leaves 
the  gold  in  a porous  mafs  of  the  original  form  ; but,  if 
too  ftrong,  the  gold  is  in  a powdery  form,  which  may 
be  w allied  and  dried.  The  weight  of  the  original 
metal  before  cupellation,  and  after  all  the  fubfequent 
ftages,  ferves  to  afeertain  the  degree  of  finenefs  of  the 
ingot,  or  ore,  of  which  it  was  a part. 

The  quantity  of  alloy  is  never  ccnfidered  as  part 
cf  the  value  of  metals  which  contain  either  gold  or 
Fineatfs  of  gold.  filver.  In  eftimating  or  exprefting  the  finenels  of  gold, 

the  whole  mafs  fpoken  of  is  fuppofed  to  weigh  twenty- 

four 
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AND  BY  T^HE  TOUCH.  I33 

four  carats  of  twelve  grains  each,  either  real  or 
merely  proportional,  like  the  affayer’s  weights ; and 
:he  pure  gold  is  called  fine.  Thus,  if  gold  be  faid 
>0  be  23  carats  fine,  it  is  to  be  underllood,  that  in  a 
mafs  weighing  24  carats  the  quantity  of  pure  gold 
amounts  to  23  carats. 

In  fuch  fmall  works  as  cannot  be  affayed  by  ferap-  The  of 

fmall  work,  by- 

illg  off  a part  and  cupelling  it,  the  affayers  endeavour  the  touch, 
to  afeertain  its  quality,  or  finenefs,  by  the  touch.  This 
is  a method  of  comparing  the  colour  and  other  pro- 
perties of  a minute  portion  of  the  metal  with  thofe 
of  certain  fmall  bars  whofe  compofition  is  known. 

Thefe  bars  are  called  touch-needles ; and  they  are  T«uch-neeJks* 
rubbed  upon  the  black  bafaltes,  which  for  that  reafon 
is  called  the  touchftone.  Black  flint,  or  pottery,  will 
ferve  the  fame  purpofe.  Sets  of  golden  needles  may 
confift  of — pure  gold;  pure  gold  23-^  carats,  with  half 
a carat  filver ; 23  carats  gold,  with  one  carat  filver ; 

22-k  carats  gold,  with  il  carat  filver;  and  fo  forth, 
till  the  filver  amounts  to  four  carats;  after  which 

it  the  additions  may  proceed  by  whole  carats.  Other 
: needles  may  be  made  in  the  fame  manner,  with  cop- 
] per  inftead  of  filver ; and  other  fets  may  have  the 
addition  confiding  either  of  equal  parts  filver  and 
. copper,  or  fuch  proportions  as  the  occafions  of  bufi- 
• nefs  require. 

In  foreign  countries,  where  trinkets  and  fmall  work  Obfei-vations 
are  required  to  be  fubmitted  to  the  affay  of  the  touch,  touch^^  ^ 
a variety  of  needles  are  neceffary ; but  they  are  not 
much  ufed  in  England.  They  afford  however  a de- 
gree of  information  which  is  more  confiderable  than 
1 at  firft  be  expelled.  The  attentive  affayer 

3 not 


*34 


assaying  of  gold  ores. 


GOLD. 


Affay  by  the 
touch. 


J 


AiTayof  gold  ores 
in  the  moift  way, 


Ufes  of  gold. 


not  only  compares  the  colour  of  the  ftroke  made  upon 
the  touchftone  by  the  metal  under  examination  with 
that  produced  by  his  needle,  but  will  likewife  attend 
to  the  fenfation  of  roughnefs,  drynefs,  fmoothnefs, 
or  greafmefs,  which  the  texture  of  the  rubbed  metal 
excites  when  abraded  by  the  Hone.  When  two  ftrokes 
perfectly  alike  in  colour  are  made  upon  the  ftone,  he 
may  then  wret  them  with  aqua  fortis,  which  will  affect 
them  very  differently  if  they  be  not  fimilar  compo-. 
fitions  : or  the  ftone  itfelf  may  be  made  red-hot  by 
the  fire,  or  by  the  blow-pipe,  if  thin  black  pottery 
be  ufed ; in  which  cafe  the  phenomena  of  calcina- 
tion will  differ  according  to  the  nature  and  quantity 
of  the  alloy. 

Gold  ores  may  be  affayed  in  the  moift  way  by 
pounding  them  very  fine,  weighing  a determinate 
portion,  and  attempting  their  folution  in  nitrous  acid, 
which  will  diffolye  the  matrix  if  it  confift  of  calca- 
reous earth ; or,  if  it  be  felenite,  the  powder  may  be 
digefted  in  aqua  regia  as  long  as  any  metallic  fub- 
ftance  is  taken  up ; after  which  the  gold  may  be 
precipitated  by  an  addition  of  vitriol  of  iron,  which 
will  caufe  it  to  fall  down  in  the  metallic  date. 

The  principal  ufe  of  gold  is  as  the  medium  of 
exchange  in  coin ; for  which  it  has  been  chofen  tq 
occupy  the  firft  place,  on  account  of  its  fcarcity,  its 
great  weight,  and  its  not  being  fubjedl  to  tarnifh. 
The  gold  coins  of  Great  Britain  contain  eleven  parts 
of  gold,  and  one  of  copper. 

Gold  is  likewife  ufed  in  gilding ; for  which  purpofe, 
as  we  have  already  fhewn,  it  is  mechanically  divided 
into  leaves  of  extreme  thinnefs.  Thefe  are  ftuck  upon 

wood, 
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wood,  previoully  fmeared  with  adhelive  oil,  or  animal 
glue,  called  fize.  The  procefs  called  water-gilding, 
which  is  ufually  applied  to  copper  or  brafs,  is  per- 
formed by  immerfing  the  clean  copper  into  a diluted 
folution  of  mercury.  The  copper  is  corroded  by  the 
acid,  which  at  the  fame  time  depofits  a thin  coating 
of  mercury.  This  coating,  after  the  piece  is  wafbed, 
facilitates  the  adhcfion  of  an  amalgam  of  gold,  which 
is  then  to  be  rubbed  upon  it.  The  mercury  is  after- 
wards volatilized  bv  heat ; and  the  work  is  finifhed  by 
burning  gilding  wax  upon  it,  which  is  a compofition 
of  red  bole,  verdigrife,  alum,  apd  bees  wax.  The 
intention  of  this  lalt  application  appears  to  be  that  of 
concealing  the  defeats  of  the  gilding. 

There  is  another  method  of  gilding,  which  is  per- 
formed by  fteeping  linen  rags  in  a folution  of  gold, 
Thefe  are  afterwards  dried  and  burned  to  allies,  which 
. contain  gold  in  a very  divided  ftate.  Nothing  more 
: is  necelfary  than  to  moiften  the  end  of  a cork,  and 
i dip  it  in  this  burned  matter,  together  with  a little 
\ wood  allies,  and  rub  it  upon  the  face  of  the  filver  in-, 

; tended  to  be  gilded.  By  this  means  the  gold  eafily 
: adheres. 

The  other  ufes  of  gold,  in  laces,  & c,  are  fulhciently 
» known. 
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Characters  of 
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QILVER  is  the  whited  of  all  metals,  confiderably 
^ harder  than  gold,  very  du&ile  and  malleable,  blit 
lefs  malleable  than  gold ; for  tlje  continuity  of  its 
parts  begins  to  break  when  it  is  hammered  out  into 
leaves  of  about  the  hundred  and  fixty  thoufandth 
of  an  inch  thick,  which  is  more  than  one  third 
thicker  than  gold  leaf : in  this  date  it  does  not  tranf- 
mit  the  light.  Its  fpecific  gravity  is  moderate,  be- 
ing inferior  to  platina,  gold,  mercury,  and  lead.  It 
ignites  before  melting,  and  requires  a ftrong  heat  to 
fufe  it.  The  heat  of  common  furnaces  is  inefficient 
to  calcine  it  : but  the  heat  of  the  mod  powerful 
burning  lenl'es  vitrifies  a portion  of  it,  and  caufes  it 
to  emit  fumes ; which,  when  received  on  a plate  of 
gold,  are  found  to  be  filver  in  the  metallic  date. 
It  has  likewife  been  partly  calcined  by  twenty  fuc- 
ceffive  expofures  to  the  heat  of  the  porcelain  furnace 
at  Seves.  The  air  alters  it  very  little  ; though  it  is 
difpofed  to  obtain  a thin  purple  or  black  coating 
from  the  fulphureous  vapours  which  are  emitted  from 
animal  fubdances,  drains,  or  putrefying  matters.  This 
coating-,  after  a long  feries  of  years,  has  been  obferved 
to  fcale  off  from  images  of  filver  expofed  in  churches; 
and  was  found,  on  examination,  to  confid  of  filver 
united  with  fulphur. 
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Silver  is  foluble  in  the  vitriolic  acid  when  concen-  silver. 
trated  and  boiling,  and  the  metal  in  a ftate  of  divi-  golubil^  of 
iion.  The  marine  acid  fcarcely  ads  upon  it,  unlefs  fllver  aads. 
Jephlogifticated  : but  the  nitrous  acid  difl'olves  it  with 
great  rapidity,  and  with  a plentiful  difengagement 
of  nitrous  air  ; which,  during  its  extrication,  gives 
1 blue  or  green  colour  to  the  acid,  that  entirely  dis- 
appears if  the  filver  made  ufe  of  be  pure : if  it  con- 
rain  copper,  the  folution  remains  greenifh  ; and  if 
:he  acid  contain  either  vitriolic  or  marine  acid,  thefe 
combine  with  a portion  of  the  filver,  and  form 
fcarcely  foluble  compounds,  which  fall  to  the  bot- 
-tom.  If  the  filver  contain  gold,  this  metal  feparates 
in  blackifli  coloured  flocks.  The  nitrous  acid  dif- 
folves  more  than  half  its  weight  of  filver  ; and  the 
.folution  is  very  cauftic,  that  is  to  fay,  it  deflroys  and 
corrodes  animal  fubftances  very  powerfully.  This 
idion  appears  to  depend  on  the  ftrong  difpofition 
of  the  filver  to  become  revived ; by  which  it  either 
ittrads  phlogifton  from  thofe  fubftances  according 
to  the  ancient  theory,  or  communicates  vital  ah  to 
diem  according  to  the  new  theory : fo  that  the 
1 inimal  fubftances  undergo  a procefs  equivalent  to 
combuftion. 

The  folution  of  filver,  -when  fully  faturated,  depo-  Combination 
fits  thin  cryftals  as  it  cools,  and  alfo  by  evaporation,  ^'id.  nUlou* 
Thefe  re  called  lunar  nitre,  or  nitre  of  filver.  A 
: gentle  "fifeat  is  fufficient  to  fufe  them,  and  drive  off 
:heir  water  of  cryftallization.  In  this  fituation  it  is 
. of  a black  colour,  may  be  caft  into  fmall  flicks  in  a 
: mould,  and  then  forms  the  lapis  infemalis,  or  lunar 
• Cauftic,  ufed  in  furgery.  A ftronger  heat  decompofes 

lunar 
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lunar  nitre,  the  acid  dying  off,  and  the  filver  remain- 
ing pure.  It  is  obvious  that,  for  the  purpofe  of  form- 
ing the  lunar  cauftic,  it  is  not  neceflary  to  fuller  the 
fait  to  cryftallize,  but  that  it  may  be  made  by  evapo-  j 
rating  the  folution  of  fiber  at  once  to  drynefs ; and  . 
as  foon  as  the  fait  is  fufed,  and  ceafes  to  boil,  it  may  | 
be  poured  out.  The  nitrous  acid  driven  off  from 
lunar  nitre  is  decompofed,  the  products  being  vital 
Page  167,  16S.  air  and  phlogifticated  air. 

Although  the  nitrous  acid  diffolves  fiber  with  fuch' 
great  facility,  it  appears  to  do  this  only  in  confequence 
of  its  great  power  to  calcine  the-  metal ; for  the  vi- 
triolic and  marine  acids  have  a greater  attraction  for 
the  calx.  They  accordingly  take  it  from  that  acid, 
and  form  falts  ; which,  as  we  have  already  obferved, 
fall  to  the  bottom  on  account  of  their  difficult  folu- 
Vitriol  of  filver.  bility.  The  vitriol  of  fiber,  which  is  formed  by 
pouring  vitriolic  acid  into  the  nitrous  folution  of  fil- 
ver, is  fparingly  foluble  in  water  •,  and  on  that  account 
forms  cryftals,  which  are  fo  fmall  that  they  compofe 
Luna  cornea,  a white  powder.  The  marine  acid  precipitates  from 
nitrous  acid  the  faline  compound  called  luna  cornea, 
or  horn  fiber,  which  has  been  fo  diltinguiffied  be- 
caufe,  when  melted  and  cooled,  it  forms  a femi-tranf- 
Mallcable  glafs.  parent  and  partly  flexible  mafs  refembling  horn.  It 
is  fuppofed  that  a preparation  of  this  kind  has  given 
rife  to  the  accounts  of  malleable  glafs. 

If  any  fait  with  bafe  of  alkali,  containing  the  ma- 
rine acid,  be  added  to  the  nitrous  folution  of  fiber, 
the  fame  effect  takes  place  by  double  affinity  ; the  alka- 
line bafe  uniting  with  the  nitrous  acid,  and  the-  filver 
ailing  down  in  combination  with  the  marine  acid. 

Since 
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obtained  from 
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Since  the  marine  acid  throws  down  only  filver,  lead, 
and  mercury,  and  the  latter  of  thefe  two  are  not  pre- 
fent  in  filver  that  has  palled  cupellation,  though  a 
fmall  quantity  of  copper  may  elude  the  fcorification 
in  that  procefs,  the  filver  which  may  be  revived  from 
luna  cornea  is  purer  than  can  readily  be  obtain- 
ed by  any  other  means.  When  this  fait  is  expofed 
to  a low  red  heat,  its  acid  is.  not  expelled  *,  and  a 
greater  heat  canfes  the  whole  concrete  either  to  rife 
in  fumes,  or  to  pafs  through  the  pores  of  the  vefiel. 

To  reduce  it,  therefore,  it  is  necefiary  that  it  fhould 
be  triturated  with  its  own  weight  of  fixed  alkali  and 
.a  little  water,  and  the  whole  afterwards  expofed  to 
heat  in  a crucible  whofe  bottom  is  covered  with  mi- 
neral alkali ; the  mafs  of  luna  cornea  being  likewife 
covered  with  the  fame  fubftance.  In  this  way  the 
, acid  will  be  feparated  from  the  filver,  which  is  reduced 
0 its  metallic  Hate. 

As  the  precipitate  of  luna  cornea  is  very  percep- 
ible,  the  nitrous  folution  of  filver  is  ufed  as  a teft 
if  the  prefence  of  marine  acid  in  waters  ; for  a drop 
if  this  folution  poured  into  fuch  waters  will  caufe  a 
■ /ery  evident  cloudinefs.  The  folution  of  filver  is  alfo 
afed  by  aflayers  to  purify  the  nitrous  add  from  any 
idmixture  of  marine  acid.  In  this  Hate  they  call  it 
irecipitated  aqua  fortis. 

The  precipitates  of  filver  which  are  formed  by  Precipitates 
:he  addition  of  alkalis  or  earths,  are  ail  reducible  by 
mere  heat,  without  the  addition  of  any  combuftible 
.ubftance.  The  fulminating  combination  of  volatile 
i 1 ilkali  with  filver,  exhibits  one  of  the  moft  aftonilhing 

inftances 


Teft  of  marine 
acid  in  waters. 
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silver*  inftances  of  chemical  detonation  hitherto  known*. 

Preparation  of  ^ure  fiIver  diffolved  in  pale  nitrous  acid,  and  pre-j 
fulminating  fiL  cipitated  by  the  addition  of  lime-water.  This  calx 


or  precipitate,  after  decantation  of  the  fluid,  is  tot 
be  dried  by  expofure  to  the  air  for  three  days.  Thef 
inventor  thinks  the  prefence  of  light  has  fome  influ-, 
ence  in  the  fuccefs  of  the  experiment.  The  dried  j 


calx  being  agitated  or  flirred  in  a folu  n of  cauftic 


volatile  alkali,  aflumes  the  form  of  a ick  powder, 
from  which  the  fluid  is  to  be  decanted,  and  the  black 
fubftance  left  to  dry  in  the  air.  This  is  the  fulmi-  j 
nating  filver. 

Gunpowder  and  fulminating  gold  are  not  to  he  . 
compared  with  this  new  prod u 61 ; as  the  former  re-  i 
quires  ignition,  and  the  latter  a fenfible  degree  of  j 
heat,  to  caufe  them  to  fulminate.  But  the  flighted: 
agitation  or  fridtton  is  fufficient  to  caufe  the  fulrai-  i 
nating  filver  to  explode.  "When  it  is  once  obtained, 
it  can  no  more  be  touched.  The  falling  of  a few 
atoms  of  this  preparation  from  a fmall  height  pro- 
duced  the  detonation  ; a drop  of  water  falling  upon  it 
had  the  fame  efFedh.  No  attempts  therefore  can  be 
made  to  inclofe  it  in  a bottle  ; but  it  muft  remain  in 
the  capfule  wherein,  by  evaporation,  it  obtained  this 
terrible  property. 


Precautions.  To  make  this  experiment  with  fafety,  it  is  proper 


laft  deflccation  {hould  be  made  in  a metallic  veflel ; j 


to  ufe  no  greater  quantity  than  a grain  of  filver  j the  : 


and  the  face  of  the  operator  {hould  be  defended  by 


Difcovcred  by  Berthollet.  See  the  Journal  de  Phyfique  for  | 
June  1788,  pf474> 
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a maflc,  with  holes  for  the  eyes  defended  with  ftrolig 
glafs. 

The  volatile  alkali  made  ufe  of  in  converting  the  Fulminating 

filver. 

calx  of  filver  into  the  black  precipitate,  was  expofed 
to  ebullition  in  a fmall  matrafs  of  glafs  ; and  the  fluid 
being  then  fuffered  to  cool,  the  infide  of  the  vefl'el 
became  lined  with  fmall  cryftals.  When  one  of  thefe 
was  touched  beneath  the  cold  liquid,  an  explofion  took 
place,  which  broke  the  matrafs  in  pieces,  and  threw 
the  liquid  up  to  the  ceiling  of  the  laboratory. 

The  inventor’s  theory  of  thefe  effects  is  the  fame  Theory  of  the 
as  that  of  fulminating  gold.  The  combination  con-  page  z2$ : 
fills  of  volatile  alkali  and  calx  of  fdver ; that  is  to 
fay,  in  the  new  theory,  of  inflammable  air,  phlogifti- 
cated  air,  filver,  and  vital  air.  The  flighted:  change 
of  temperature  or  agitation  difpofes  the  inflammable 
air  to  combine  with  the  vital  air,  which  adheres  very 
feebly  to  the  filver.  Thefe  form  water,  while  the 
phlogifticated  air  is  difengaged,  and  the  filver  reduced 
to  the  metallic  ftate.  The  explofion  depends  on  the 
fudden  tranfition  of  the  phlogifticated  air  and  the 
water  to  the  elaftic  ftate  by  heat : but  the  change 
of  capacity  from  which  the  heat  arifes  has  not  yet 
been  explained.  On  the  phlogiffic  theory,  it  will  be  — by  the  pKlo- 
.aid  that  the  filver  is  revived  by  combining  with  the  hjF°thLdl' 
• nflammable  air,  or  phlogifton  of  the  alkali ; while  the 
ohlogifticated  and  vital  air  fly  off  in  the  explofion. 

It  is  a valuable  difeovery  of  Mr.  Keir  *,  that  a mix-  Keir’s  con?- 
ure  of  ftrong  vitriolic  acid  with  the  nitrous  acid,  or  ^^^69  d* 
litre,  is  a powerful  folvent  of  filver,  though  it  fcarcely 


a£U 


Phil.  Tranf.  1780.  p.  367. 
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JV-ftion  of  aqua 
regia  upon  lilver. 


Precipitation  of 
filver  by  nvetalj. 


acls  upon  the  other  metals.  This  is  of  confiderable  im- 
portance in  the  Birmingham  manufactures,  where  the 
filver  in  the  cuttings  of  plated  copper  is^  required  to 
be  feparated  from  this  lad  metal.  For  this  purpofe 
the  pieces  of  metal  are  put  into  a glazed  earthen  pan, 
and  a compofition  of  eight  or  ten  pounds  of  oil  of 
vitriol,  with  one  pound  of  nitre,  is  poured  upon  them, 
ftirred  about,  and  the  aCtion  of  the  fluid  aflifted  by 
a heat  between  ioo°  and  2oo°  of  Fahrenheit.  When 
-the  liquor  is  nearly  faturated,  the  filver  is  to  be  preci* 
pitated  by  common  fait,  which  may  be  eafily  after- 
wards reduced  j or,  otherwife,  the  filver  m2y  be  pre- 
cipitated in  its  metallic  Bate  by  adding  to  the  folution 
a few  of  the  pieces  of  copper,  and  a fufficient  quan- 
tity of  water,  which  enables  the  liquor  to  acl  on  the 
copper.  The  theory  of  this  effe£l  dill  remains  to  be 
inve  (ligated. 

Sulphur  combines  readily  with  filver  in  the  dry  way  ^ 
but  may  be  feparated  by  a (Ironger  heat.  'I  he  ful- 
phur  of  liver  of  fulphur  likewife  blackens  filver,  and 
combines  with  it,  whether  the  filver  be  immerfed  in 
the  liquid  folution,  or  expofed  to  hepatic  air. 

Aqua  regia  aCls  (Irongly  on  filver ; but  precipitates 
it  in  the  form  of  luna  cornea  as  fad  as  it  is  diflolved. 
This  eflecl  may  be  eafily  underflood  by  confidering 
that  the  nitrous  acid  diffolves  the  filver,  and  the  ma- 
rine precipitates  it. 

The  neutral  falts  alone  do  not  alter  filver  either  in 
t,he  moifl  or  dry  way  ; nitre,  in  particular,  does  not 
deflagrate  with  this  metal. 

Mod  metallic  fubdances  precipitate  filver  in  the 

metallic  date  from  its  folution.  The  alTayers  make 

ufe 
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life  of  copper  to  feparate  the  filver  from  the  nitrous  silver. 

acid  ufed  in  the  procefs  of  parting.  The  precipita-  ' v * 

tion  of  filver  by  mercury  is  very  flow,  and  produces 

a peculiar  fymmetrical  arrangement,  called  the  tree  of  Tree  of  Diana. 

Diana.  In  this,  as  in  all  precipitations*  the  peculiar 

form  may  be  affected  by  a variety  of  concomitant 

circumltances  -,  for  which  reafon  one  procefs  ufually 

fucceeds  better  than  another.  Lemery  dire£ts  that  Procefs  of  Le» 

. „ . mery. 

an  ounce  of  fine  filver  be  diffolved  in  a fufficient 
quantity  of  very  pure  and  moderately  {tfoiig  nitrous 
acid ; that  this  folution  be  mixed  in  a matrafs,  Or 
bottle,  with  about  twenty  ounces  of  diftilled  water  ; 
and  that,  after  the  addition  of  two  ounces  of  mer- 
cury, the  whole  be  fullered  to  repofe.  Duririg 
the  fpace  of  forty  days  a kind  of  tree  of  filver  will 
be  formed  on  the  furface  of  the  mercury,  with 
branches  greatly  refembling  a vegetable  fubftance  in 
its  ramifications.  The  foregoing  procefs  is  faid  by 
Macquer  to  fucceed  very  well ; but  the  following,  of 
Homberg,  is  much  fhorter. 

Make  an  amalgam,  without  heat,  of  four  drams  of  Homberg**  pro- 
cefs for  makiag 

leaf  filver,  with  two  drams  of  mercury.  Diffolve  the treecf  Diana, 
this  amalgam  in  four  ounces,  or  a fufficient  quantity 
of  pure  nitrous  acid  of  a moderate  ftrength  ; dilute 
this  folution  in  about  a pound  and  a half  of  diftilled 
water*,  agitate  the  mixture,  and  preferve  it  for  ufe 
in  a glafs  bottle,  with  a ground  ftopper.  "When  this 
preparation  is  to  be  ufed,  the  quantity  of  one  ounce 
is  put  into  a phial,  and  the  fizc  of  a pea  of  an  amal- 
gam of  gold  or  filver,  as  foft  as  butter,  is  to  be  added ; 
after  which  the  veflel  mull  be  left  at  reft.  Soon 
afterwards  fmall  filaments  appear  to  ii'ue  out  of  the 
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Combinations  of 
filver;  with 
fold  : 

*—  with  platina  : 


ball  of  amalgam,  which  quickly  increafe,  and  flioot 
out  branches  in  the  form  of  fhrubs. 

I'n  the  above  experiment  of  Lemery  the  nitrous 
acid  depofits  its  filver  at  the  fame  time  that  it  takes 
up  mercury  j and,  in  confequence  of  the  liquor  being 
fo  much  diluted,  the  procefs  goes  on  flowly,  and  the 
precipitated  fdver  has  time  to  arrange  itfelf  according 
to  the  law  of  its  cryftallization,  whether  that  depend 
on  the  polarity  of  its  particles,,  or  on  any  other  pro* 
perty  not  yet  explained.  In  the  method  of  Homberg 
there  are  two  circumftances  which  appear  calculated 
to  forward  the  procefs:  in  the  firft  place,  the  nitrous 
acid  already  contains  mercury  in  folution,.  which  may 
probably  render  it  more  difpofed  to  part  with  the  fdver-,. 
and,  in  the  next  place,  the  mercury  is  combined  with 
filver  or  gold  in  the  form  of  an  amalgam.  Thefe 
may  perhaps  facilitate  the  precipitation  of  the  filver, 
by  prefenting  a bafe  for  it  to  combine  with ; which 
may  be  more  perfe&ly  at  repofe,  becaufe  lefs  agitable 
than  the  fluid  mercury  in  the  former  experiment. 
After  all,  however,  though  the  general  theory  of  the 
experiment  is  not  difficult,  yet  it  does  not.  feem  eafy 
to  point  out  the  effectual  caufe  of  the  differences  be- 
tween the  two  remits* 

Silver  unites  with  gold  by  fufion,.  and  forms  a 
pale  alloy,  as  has  been  already  mentioned  in  treating 
of  that  metal.  With  platina  it  forms  a hard  mix- 
ture, rather  yellower  than  filver  itfelf,  and  of  diffi- 
cult fufion.  The  two  metals  do  not  unite  well. 
Silver  melted  with  one  tenth  part  of  crude  platina, 
from  which  the  ferruginous  particles  had  been  fepa- 
rated  by  a ftrong  magnet*  could  not  he  rendered 

dear 
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•-dear  of  fcabrous  parts,  though  it  was  repeatedly  fufed,  silver. 
poured  out,  and  laminated  between  rollers.  It  was  V “_v  * 

then  fufed,  and  fufFered  to  cool  in  the  crucible,  but 
with  no  better  fuccefs.  After  it  had  been  formed,  by 
Tolling  and  hammering,  into  a fpoon  for  blow-pipe 
experiments,  it  was  expofed  to  a low  red  heat,  and 
became  rough,  and  bliftered  over  its  whole  furface. 

The  quantities  were  one  hundred  grains  of  filver, 
and  ten  grains  of  -platina.  Nitre  was  added  during 
•the  fufiona. 

Silver  very  readily  combines  with  mercury.  A Combinations  of 
very  fenfible  degree  of  heat  is  produced  when  filver  WKh  mer" 
leaf  and  mercury  are  kneaded  together  in  the  palm  of 

the  hand.  With  lead  it  forms  a foft  mafs,  lefs  fono with  lead : 

tous  than  pure  filver.  With  copper  it  becomes  —with  copper : 
harder  and  more  fonorous,  at  the  fame  time  .that  it 
remains  fufficiently  duclile  : this  mixture  is  ufed  in 
the  Britifh  coinage.  Fifteen  parts  of  filver,  alloyed 
with  one  of  copper,  form  the  compound  called  fland- 
ard  filver.  The  mixture  of  filver  and  iron  has  been 
Jittle  examined.  With  tin  it  forms  a compound  —with tia,  &c. 
which,  like  that  of  gold  with  the  fame  metal,  has 
been  faid  to  be  brittle,  however  fmall  the  proportion  ; 
though  there  is  probably  as  little  .foundation  for  the 
aiTertion  in  the  one  cafe  as  in  the  other.  With 
bifmuth,  arfenic,  zinc,  and  antimony,  it  forms  brittle 
compounds.  It  does  not  unite  with  nickel.  The 
compound  of  filver  and  wolfram,  in  the  proportion 
•of  two  of  the  former  to  one  of  the  latter,  was  ex- 
pended under  the  hammer  during  a few  ftrokes  j but 
afterwards  fplit  in  pieces. 

* 3 
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silver.  Silver  is  found  either  native  or  mineralized.  The 
Native  filver  and  nat*ve  ^lvcr  is  found  in  Peru,  and  various  parts  of 
Europe  •,  fometimes  in  confiderable  maffes,  and  often 
diffufed  through  fand,  ochre,  or  lime-ftone.  It  is 
feldom  pure,  but  is  generally  alloyed  with  copper, 
and  fometimes  with  gold,  iron,  or  regulus  of  anti- 
mony. The  mineralized  filver  contains  fulphur  and 
arfenic,  or  both,  with  other  admixtures. 

Native  filver  may  be  purified  by  pounding  or  wafli- 
ing,  or  amalgamation  with  mercury ; and  the  filver 
itfclf  is  l'efined  by  cupellation  with  lead  in  the  fame 
manner  as  gold.  In  the  large  way,  the  litharge,  or 
vitrified  lead,  is  blown  from  the  furface  of  the  filver 
by  bellows,  inftead  of  foaking  into  the  crucible.  Gold 
may  be  feparated  from  filver  by  parting  with  aqua 
regia,  or  treatment  with  fulphur  in  the  dry  way, 
which  combines  with  the  filver,  and  Leaves  the  gold 
difengaged. 

The  vitreous  filver  ore  is  the  richeft  ore  of  filyer, 
and  contains  from  feventy  to  eighty  pounds  of  filver 
in  the  hundred  weight ; the  reft  being  fulphur,  with 
rarely  any  other  metal,  except  a fmall  portion  of  iron. 
It  is  found  either  in  folid  large  lumps,  or  inherent 
in  quartz  or  fpar.  Its  colour  generally  refembles  that 
of  lead ; but  grows  dark  by  expofure  to  the  air.  It 
ufually  pofiefles  a flight  degree  of  malleability,  and  is 
fufficiently  foft  to  be  cut  by  a knife. 

To  analyfe  this  ore  in  the  moift  way,  it  may  be 
boiled  in  nitrous  acid,  which  acidifies  the  fulphur, 
and  caufes  great  part  to  fly  off  in  the  form  of  vitriolic 
acid  air.  Common  fait,  or  marine  acid,  will  preci- 
pitate 


Vitreous  ore  of 
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pitate  the  filver  in  the  form  of  luna  cornea,  which  silver. 
.may  be  either  reduced  or  accounted  for  by  deducting  V v ^ 
one  fourth  of  its  weight  when  waffled  and  dried, 
which  fourth  of  its  weight  is  marine  acid. 

In  the  dry  wiy,  it  may  be  reduced  by  expofmg  it  — m the  dry- 
to  a heat  not  fufficient  to  melt  it.  In  this  way  the 
| fulphur  is  diffipatJid,  and  the  fdver  remains  ufually 
in  a fibrous  form.  Small  portions  may  be  conve- 
niently decompofed  in  this-  manner  by  the  blow-pipe 
upon  charcoal. 

The  red  filver  ore  is  a heavy  fhining  fubftance,  Red  filver  orfe. . 
either  tranfjfcirent  or  opake ; fometimes  grey  or 
blackifh,  but  always  reddifh  when  powdered : it  ufu- 
ally  contains  more  than  half,  and  fometimes  ~ of  its 
weight  of  filver,  the  reft  being  arfenic  and  fulphur. 

In  the  moift  way,  this  ore  is  analyfed  by  reducing  Analyfis  in  the 
it  to  fine  powder,  and  boiling  it  with  diluted  nitrous  m°lft  way‘ 
acid.  The  refidue,  which  contains  the  fulphur  and 
the  arfenic,  mull  be  edulcorated  with  water ; and  the 
arfenic  may  be  difiolved  by  boiling  in  a fufficient 
quantity  of  aqua  regia  If  the  fulphur  Ihould  retain 
any  luna  cornea,  it  may  be  feparated  by  keeping  it 
for  fome  days  in  a clofed  veflel,  with  its  own  weight 
of  diluted  cauftic  volatile  alkali.  The  clear  nitrotis 
folution  being  mixed  with  the  water  ufed  in  the  eduffi 
coration,  affords  a precipitate  of  luna  cornea  by  the 
addition  of  fea  fait,  which  may  either  be  reduced  or 
accounted  for  in  the  fame  manner  as  in  the  allay  of 
the  vitreous  filver  ore. 

Silver  united  with  fulphur,  arfenic,  and  copper,  is  White  ore  of 
generally  called  the  white  ore  of  filver.  One  hundred  fllver  analyfcd' 
grains  of  this  being  reduced  to  a powder,  and  gently 

R 4 boilqd 
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' silver.  boiled  for  an  hour  in  more  than  twelve  times  its  weight 
of  diluted  nitrous  acid,  the  copper  and  filver  are  dif- 
folyed,  and  a white  refiduum  remains.  The  filver  is 
precipitated  in  the  metallic  form  by  the  immerfion 
of  a clean  plate  of  copper  *,  and  the  copper  being 
afterwards  precipitated  by  the  addition  of  volatile 
alkali,  may  be  accounted  for  by  allowing  194  grains  of 
the  precipitate  to  one  hundred  of  the  copper,  and 
deducing  the  lofs  fuflained  by  the  plate  of  copper 
which  was  immerfed  in  the  folution.  The  white  refi- 
duum may  be  deprived  of  its  arfenic  and  iron  by 
boiling  in  marine  acid.  The  arfenic  may  be  preci- 
pitated by  the  addition  of  water ; and  afterwards  the 
iron,  if  any,  by  Prufiian  alkali.  The  undiflblved  ful- 
phur  may  be  treated  with  volatile  alkali,  to  try  whe- 
ther it  contains  either  copper  or  luna  cornea. 

The  other  ores  of  filver-,  of  which  there  is  confi- 
derable  variety,  may  be  analyfed  by  varying  the  pro- 
cefles  according  to  the  fuppofed  or  known  general 
contents  of  the  ore  *. 

Method  of  affay-  Sulphureous  and  arfenical  filver  ores  may  be  aflayed 

oresf  hi ' 'theViy  by  roafting  and  fubfequent  fufion  with  a greater  or 
'va^‘  lefs  quantity  of  flux.  In  the  fufion,  the  filver  is  ob- 

tained alloyed  with  lead,  copper,  or  iron,  which  may 
See  page  231.  be  feparated  by  cupellation  with  lead,  and  the  filver 
left  pure.  The  finenefs  of  filver  is  denoted  by  the 
aflayers,  by  mentioning  the  number  of  pennyweights 
and  grains  of  pure  filver  contained  in  the  ounce.  So 

* For  which  confult  Bergman’s  Treatife  on  the  Art  of  Alfay- 
ing  in  the  Humid  Way,  inferted  in  the  2d  vol.  of  the  Engliftt 
tranflation  of  his  Opufcula,  or  Eflays. 


that 
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that  if  an  ounce  of  filver  be  found  to  lofe  half  a silver. 
pennyweight  by  cupellation,  it  is  faid  to  be  eleven  v v * 
pennyweights  twelve  grains  fine ; if  it  lofe  a whole 
pennyweight,  it  is  faid  to  be  eleven  pennyweights  fine, 
sec.  Silver  is  likewife  tried  by  the  touch,  in  the  fame  Page  23?,  214. 

/-i  rr  Aflfay  of  filver 

nanner  as  gold.  For  this  purpofe,  the  auayers  are  ^ the  touch, 
srovided  with  a fet  of  needles  or  fmall  bars  ; the  fivft 
>f  which  - contains  TrK  part  of  its  weight  of  copper, 

.nd  the  reft  filver ; the  fecond  contains  T2^-  parts  of 
opper  j the  third  T3^  parts  5 and  l'o  on  to  the  laft, 
vhich  contains  15  parts  of  copper  to  one  of  filver. 
ly  the  refemblance  of  colour  on  the  touchftone,  an 
ftimate  may  be  made  of  the  finenefs  of  the  filver  to 
omething  nearer  than  the  30th  part  of  the  whole, 
vhich  is  a confiderable  acquifition  in  the  examination 
if  fmall  articles,  fuch  as  rings,  trinkets,  and  the  like. 

• t is  true  indeed  that  the  ufe  of  the  touch  fuppofes 
he  precious  metal  to  be  alloyed  with  copper  only, 
vhich  may  not  be  the  cafe  *,  and  confequently  the 
flayer  is  liable  to  be  deceived  in  this  refpe£t : but 
ie  may  in  this  cafe  have  recourfe  to  aqua  fortis,  or 
'he  blow-pipe,  in  the  fame  manner  as  dire£ted  in  the 
aregoing  chapter. 

In  the  large  works,  where  filver  is  extracted,  the  Extraction  of  fil, 
|:  rocefles  are  grounded  on  the  properties  already  de- [arge  way*  by 
:ribed.  Native  filver  is  triturated  with  mercury  i amal6amatlon * 
fter  which  the  amalgam  is  wafhed,  to  feparate  the 
arthy  particles ; and  the  quickfilver  feparated,  partly 
y preflurc  in  leathern  bags,  and  partly  by  diftillation 
a iron  retorts. 

Rich  fulphureous  ores  are  roafted,  and  fufed  with — hy  fire.. 

’ad,  to  refine  the  filver  by  cupellation.  The  poorer 

ores, 
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ores,  winch  contain  copper,  are  fufed  with  pyrites, 
which  affords  a mafs  confiding  of  copper,  fulphur,  and 
filver.  Lead  is  then  added,  and  the  mafs  treated  in 
the  way  of  eliquation.  The  lead  flows  out,  carrying 
the  filver  with  it;  and,  laftly,  thefe  two  metals  are 
feparated  by  the  ted,  on  which  the  lead  is  converted 
into  litharge,  and  the  filver  remains  pure. 

The  ufes  of  filver  are  well  known  : it  is  chiefly 
applied  to  the  forming  of  various  utenfils  for  domeftic 
ufe,  and  as  the  medium  of  exchange  in  money.  Its 
difpofition  to  aflume  a black  colour  by  tarnifhing,  and 
its  foftnefs,  appear  to  be  the  chief  obje&ion  to  its  ufe 
in  the  conftru&ion  of  graduated  inftruments  for  adro- 
nomical  and  other  purpofes,  in  which  a good  white 
metal  would  be  a defirable  acquifition. 


Ufes  of  filver. 
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CHAP.  III. 

CONCERNING  PLATINA, 

P LATINA  is  one  of  the  metals  for  the  difcovery  platina. 
of  which  we  are  indebted  to  our  cotempora-  characters  of * 
{ tes.  It  has  yet  been  found  only  in  Spanifh  Platina* 
.merica,  among  the  gold  mines  there.  We  receive 
| in  the  form  of  fmall  particles,  from  the  minutefl 
| ze  up  to  that  of  a pea ; though  thefe  lad  are  very 
s ;:idom  met  with.  Its  particles  or  grains  are  fmooth, 

J regularly  figured  with  round  edges,  and  are  flattened, 

; robably  by  hammering  in  the  mills  in  which  the 
: old  is  amalgamated.  Thefe  grains  are  of  a whiter  Crude  platina., 
j flour  than  iron,  and  are  confiderably  malleable.  In 
,>e  Hate  in  which  we  receive  them,  they  are  often  mix- 
! .1  with  ferruginous  fand,  which  may  be  feparated  by 
ue  magnet ; and  alfo  with  grains  of  quartz  or  crydal. 
j ’ Then  it  is  feparated  from  heterogeneous  particles, 

. .'.e  crude  platina  itfelf  is  flightly  magnetic,  and  is 
| etween  fixteen  and  eighteen  times  as  heavy  as  water. 

! ! ’he  mod  violent  fires  are  infufficient  to  melt  it, 
j tough  its  parts  may  be  made  to  cohere  together  into 
j folid  button  by  the  ftrong  heat  of  a wind  furnace. 

J urning  lenfes  of  the  mod  powerful  kind  fufe  it,  and 
! invert  it  into  a malleable  metal ; and  fmall  portions 
I f crude  platina  may  be  eafily  melted  upon  charcoal, 
y flame  mged  by  a dream  of  vital  air. 

Pure  or  refined  platina  is  by  much  the  heavied  Pure  platina, 
ody  in  nature.  It  is  very  malleable,  though  confi- 
derably 
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platina.  derably  harder  than  either  gold  or  filver;  and  it  hardenij 
Chancers  of  muc^  under  the  hammer.  Its  colour  on  the  touch-! 
piatina.  ftone  is  not  diftinguilhable  from  that  of  filver.  Wherj 

in  the  highest  degree  of  purity,  it  is  not  magne-l 
tical  but  when  its  fpecific  gravity  is  as  low  as 
21.36  it  contains  iron  fulhcient  to  render  it  magne- 
tical.  Pure  platina  requires  a very  ftreng  heat  tc 
melt  it  •,  but  when  urged  by  a white  heat,  it  is  faiq! 
that  its  parts  will  adhere  together  by  hammering! 
This  property,  which  in  iron  is  diltinguifhed  by  thJ 
name  of  welding,  is  peculiar  only  to  platina  and  thaj 
metal,  which  refemble  each  other  likewife  in  theij 
infufibility. 

Platina  is  not  altered  by  expofure  to  air  ; neither  i| 
it  a6led  upon  by  the  moft  concentrated  Ample  acldsj 
even  when  boiling,  or  diltilied  from  it.  The  dephloi 
gillicated  or  aerated  marine  acid  diffolves  it,  as  deej 
likewife  aqua  regia ; and  both  are  faid  to  form  thj 
fame  falts  with  it.  In  this  particular  of  folubiliif 
platina  refembles  gold. 

The  aqua  regia  belt  adapted  to  the  folution  o« 
platina  is  compofed  of  equal  parts  of  the  nitrous  am 
marine  acids.  The  folution  does  not  take  place  wit! 
rapidity.  A fmall  quantity  of  nitrous  air  is  difen 
gaged ; the  colour  of  the  fluid  becoming  firfl  yellowf 
and  afterwards  of  a deep  reddifh  brown,  which,  upon 
dilution  with  water,  is  found  to  be  an  intenfe  yellovl 
This  folution  is  very  coxrofive,  and  tinges  anima 
matters  of  a blackifh  brown  colour  : it  affords  crvl 
fiiftin&ive  cha-  tals  by  evaporation.  The  metal  is  precipitable  fron 
■racier.  its  folution  by  fal  ammoniac  ; a property  by  which  i 

is  diltinguifhed  from  all  other  metals,  in  the  fami 

mannej 
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nanner  as  the  folution  of  gold  is  characterized  by  its  p latina. 
jreci'pitation  upon  the  addition  of  martial  vitriol.  In  c“^nn  of 
his  way,  a compound  folution  of  gold  and  platina  from  Pla- 
iav  be  feparated  by  precipitating  either  of  the  two 
Metals  at  pleafure.  The  orange-coloured  precipitate 
f platina,  obtained  by  means  of  fal  ammoniac,  is  a 
aline  fubftance,  completely  foluble  in  water  \ but  its 
omponent  parts  have  not  been  well  afcertained.  It 
; fulible  without  addition  by  a good  forge  furnace, 
nd  forms  a brilliant,  denfe,  and  clofe-grained  button, 
which  is  not  malleable,  probably  on  account  of  part 
f the  faline  fubftance  not  being  diffipated.  The  Malleable  p!a- 
ame  precipitate,  expofed  to  the  ftronger  heat  of  a 
daft  furnace,  was  fufed  into  a perfectly  malleable 
. egulus ' 

Alkalis  and  the  foluble  earths  precipitate  platina  in  Precipitated 
he  form  of  a calx  from  its  folution.  The  Pruftian 
lkali  hereafter  to  be  deferibed  does  not  precipitate 
t as  it  does  all  other  metals  ; but  it  throws  down 
1 plentiful  blue  precipitate,  confifting  of  iron,  which. 

* vas  contained  in  the  Pruftian  blue.  This  property 
: herefore  affords  a method  of  feparating  the  iron 
rirom  platina,  which  always  contains  it.  The  vola- 

’4  By  the  Count  d'e  Milly.  See  Magellan’s  Cronftcdr,  page 
,74. — 1 have  fevcral  fmall  fpccimens  of  this  platina,  which  is 
n thin  plates  or  bars;  their  fpecific  gravity  is  above  zit;  in. 

•’•Inch  I do  not  pretend  to  a greater  accuracy  than  -X^th  part  of"  t 

the  weight,  becaufc  the  quantities  are  fo  fmall.  It  is  perfectly 
malleable,  hard,  and  claftfc,  and  obeys  a ftrong  magnet  when 
tne  pieces  are  floated  upon  water  : one  fmall  piece  which  was^ 

-Fufed  by  Parker’s  lens  is  not  at  all  magne trial,,  and  fccms  to  ex- 
lx  in  fpecific  gravity. 

tile 
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tile  alkali  precipitates  platina  of  an  orange  yellow  cci'l 
lour.  Neutral  falls,  with  bafe  of  fixed  alkali,  do  nq 
precipitate  it. 

Moll  of  the  metals  precipitate  platina  from  its  fci  jj 
lution  ; but  it  does  not  in  general  fall  down  in  thjj 
metallic  Hate. 

This  metal  is  not  affe&ed  in  the  dry  way  by  fi}  I 
line  fubltances.  Calx  of  arfenic  facilitates  its  fufiorr  1 
and  the  femi-metal  forms  a brittle  compound  witfj 
Crucibles  of  pla-  the  platina.  Mr.  Achard  fucceeded  in  making  crucijJ 
bles  of  platina,  by  fufing  equal  parts  of  platina,  w'hitf  j 
arfenic,  and  vegetable  alkali..  This  matter,  when  i 
cooled,  was  reduced  to  a po-wder,  and  rammed  inti 
the  mould  of  the  vefiel  intended  to  be  formed.  J\  I 
ftrong  heat,  quickly  raifed,  and  continued  for  fomi  « 
time,  fufed  the  mafs  ; and,  after  diffipating  the  arfenii  I 
and  the  alkali,  left  the  platina  in  the  form  defired.  ! 

Platina  does  not  readily  combine  with  gold,  excepi 
by  a ftrong  heat ; and  it  greatly  debafes  the  colour  of 
that  metal : it  does  not  readily  unite  with  filver ; tt  . 
which  however  it  communicates  part  of  its  hard! 
nefs,  while  it  impairs  its  colour  and  brilliancy.  II 
altogether  refills  the  a£lion  of  mercury ; or  at  leaf! 
this  mutual  action  does  not  feem  to  be  flronger  than 
that  of  mercury  and  iron.  Lead  and  platina  unita 
very  well  by  fufion ; the  lead  becomes  much  Iefl 
du£lile,  and  even  brittle,  according  to  the  proportions 
of  the  platina.  In  the  attempts  to  cupel  platina  wit! 
lead,  the  procefs  went  on  as  it  does  ufually  with  filvei 
and  gold  in  the  beginning ; but  as  foon  as  a conflde^ 
rable  portion  of  the  lead  was  diflipated,  the  plating 
fixed,  and  the  operation  ceafed.  But  with  a ftrongei 

heat! 
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[j  heat,  fuch  as  that  of  a porcelain  furnace,  the  opera-  platina. 

1 tion  may  be  completed,  and  malleable  platina  obtained  Combination'^ 

: free  from  lead.  It  has  not  been  united  with  forged  vvuh  mcuJi’ 
j ron  •,  but  with  cad  iron  it  formed  a brittle  compound. 

[ j With  copper  it  melts  with  confiderable  facility;  and 
tj  in  due  proportions  forms  a compound  which  takes  a 
I very  beautiful  polifh,  and  is  not  fubjeft  to  tarnifh  : 
j this  has  been  ufed  for  the  mirrors  of  reflecting  tele- 
u fcopes.  Tin  and  platina  melt  very  eafily,  and  form  a 
U compound,  fcarcely  dudlile  when  the  tin  abounds, 

:i  but  very  brittle  when  the  platina  predominates.  Bif- 
i muth  and  antimony  unite  with  platina  by  fufion,  and 
! form  brittle  compounds,  which  do  not  promife  to  be 
of  any  confiderable  utility.  Zinc  likewife  combines 
i readily  with  it,  and  renders  it  very  fufible  ; this  alloy 
) is  brittle,  hard,  and  of  a blueifh  colour.  Wolfram  can 
fcarcely  be  brought  to  fhew  any  fign  of  union  with 

1 platina.  Cobalt,  manganefe,  and  molvbdena  have  not 
been  tried. 
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CONCERNING  MERCURY. 


mercury.  A yTERCURY  is  diftinguifhed  from  all  other  metals 
Characters  of  by  its  extreme  fufibility,  which  is  fuch  that 


mercury.  ~4t  does  not  take  the  folid  ftate  until  cooled  to  the 
thirty-ninth  degree  below  o on  Fahrenheit’s  thermo- 
meter; and  of  courfe  it  is  always  fluid  in  the  tem- 
perate climates  of  the  earth.  Its  colour  is  white,  and 
rather  bluer  than  filver.  In  the  folid  ftate  it  is  mal- 
leable * ; its  fpecific  gravity  is  greater  than  that  of 
any  of  the  other  metals,  platina,  gold,  and  wolfram 
excepted.  It  is  volatile,  and  rifes  in  fmall  portions 
at  the  common  temperature . of  the  atmofphere,  as  is 
evinced  by  feveral  experiments,  more,  efpecially  in  a 
vacuum,  fuch  as  obtains  in  the  upper  part  of  a baro- 
meter tube.  At  the  temperature  of  about  fix  hun- 
dred degrees  it  boils  rapidly,  and  rifes  copioufly  in 
fumes.  Few  of  the  other  metals  melt  at  fo  low  a 
temperature  as  the  boiling  point  of  mercury.  When 
expofed  to  fuch  a heat  as  may  caufe  it  to  rife  quickly 
in  the  vaporous  form,  it  gradually  becomes  converted 
Precipitate  per  into  a red  calx,  provided  vital  air  be  prefent.  This  is 
known  by  the  name  of  precipitate  per  fe.  A greater 
heat  however  revives  this  metallic  calx,  at  the  fame 
time  that  the  vital  air  is  again  extricated. 


fe. 


* The  reader  Vvill  find  an  ample  account  of  the  freezing  of 
quickfilver  in  Dr.  Blagdcn’s  Hniory,  Vol.  LXXIII.  of  the 

i 
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3 Mercury 


Characters  and  habitudes  of  mercury. 


Mercury  is  not  perceptibly  altered  by  expofure  to  mercury. 
the  air ; though  by  long  agitation,  with  accefs  of  air,  char-iv^ 
it  becomes  converted  into  a black  powder  or  calx, 
which  gives  out  vital  air  by  heat,  the  metal  being  at 
the  fame  time  revived.  This  metal  is  difpofcd  to  at- 
tratt  moifture ; and  cannot,  for  that  reafo-n,  be  ufed 
in  the  conftrudfion  of  barometers  and  thermometers 
until  it  has  been  firffc  boiled  in  an  open  velTel  for  the 
ipace  of  about  half  an  hour. 


H 

jj 


Wh'eri  mercury  is  agitated  in  a dry  glafs  bottle,  the  Elcflric  light', 
friction  between  the  metal  and  the  glafs  produces 
i electricity.  If  the  bottle  be  imperfedfly  exhaufted, 
this  electricity  pafi'es  into  tlie  vacuum,  and  produces 
a light  which  was  formerly  thought  to  be  a proof  of 
. ihe  pei  feed  ion  of  the  vacuum  in  jhe  upper  part  of 
barometer  tubes;  but  which  in  fa£!  does  not  appear 
; in  fuch  barometers  as  have  been  cleared  of  air  by  care- 
ful boiling  in  the  tube. 

j-  he  vitriolic  acid  does  not  a£l  on  this  metal,  unlefs  Aftion  of  vltri- 
: it  be  well  concentrated  and  boiling.  For  this  purpofe,  on  mer: 
meicury  is  poured  into  a glais  retort,  with  near  twice 
its  weight  of  vitiiolic  acid.  As  toon  as  the  mixture 
is  heated,  a flrong  efFervefcence  takes  place,  vitrio- 
■ tic  acid  air  efcapes,  the  furface  of  the  mercury  becomes 
* -vhite,  and  a white  powder  is  produced;  when  the 
vitriolic  air  ceafes  to  come  over,  the  mercury  is  found 
o be  converted  into  a white,  opak'e,  cauftic,  faline 
nafs,  at  the  bottom  of  the  retort,  which  weighs  one 
fhird  more  than  the  mercury,  and  is  decompofed  by 
teat.  Its  fixity  is  confiderably  greater  than  that  of 
mercury  itfelf.  If  the  heat  be  raife^  it  gives  out  a 

S confix 
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Vitriol  and  calx 
«f  mercury. 


Turbith  mine 
ral. 


ercury.  confiderable  quantity  of  vital  air,  the  mercury  being 
v at  the  fame  time  revived. 

The  white  mafs  produced  by  the  action  of  vitrio- 
lic acid  upon  mercury,  confifts  partly  of  a faline  mafs, 
or  vitriol  of  mercury,  and  partly  of  a calx,  or  mer- 
cury united  to  vital  air  (fimply,  according  to  the  new 
theory  ; or  deprived  of  phlogifton,  according  to  the  old 
theory,  which  phlogifton  is  fuppofed  to  enter  into  the 
combination  of  the  vitriolic  acid  air).  Water  fepa- 
rates  the  fait  from  the  calx,  which  laft  is  then  of  a 
yellow  colour.  Much  wafhing  is  required  to  produce  ; 
this  colour,  if  cold  water  be  ufed  but  if  a large  quan- 
tity of  hot  water  be  poured  on,  the  calx  immediately 
affumes  a bright  lemon  colour.  In  this  ftate,  it  is 
called  turbith  mineral. 

The  vitriol  of  mercury  affords  a fait  by  evaporation, 
in  fmall  needle-formed  deliquefeent  cryftals.  The  ad- 
dition of  a large  quantity  of  water,  more  efpecially  if 
heated,  decompofes  vitriol  of  mercury,  which  depofits 
turbith  mineral,  unlefs  there  be  an  excefs  of  acid  in 
the  fluid. 

The  fixed  alkalis,  magnefia,  and  lime,  precipitate 
mercury  from  its  folution  : thefe  precipitates  are  redu- 
cible in  clofed  veflels  by  mere  heat  without  addition. 

The  nitrous  acid  rapidly  attacks  and  diffolves  mer- 
cury, at  the  fame  time  that  a large  quantity  of  nitrous 
air  is  difengaged;  and  the  colour  of  the  acid  becomes 
green  during  its  efcape.  Strong  nitrous  acid  takes  up 
its  own  weight  of  mercury  in  the  cold;  and  this  folu- 
tion will  bear  to  be  diluted  with  water.  But  if  the 
folution  be  made  with  the  afliftance  of  heat,  a much 
larger  quantity  is  diffolved ; and  a precipitate  of  calx 

will 


Precipitates. 


Solution  in  ni 
trous  acid. 


Page  164. 


MERCURIAL  PRODUCTS.  2£9 

will  be  afforded  by  the  addition  of  diftilled  water,  mercury. 
which  is  of  a yellow  colour  if  the  water  be  hot,  or  V v * 
white  if  it  be  cold,  and  greatly  refembles  the  turbith 
mineral  produced  with  vitriolic  acid : it  has  accord-  Nitrous  turbith* 
ingly  been  called  nitrous  turbith.  If  acid  be  added 
to  the  folution  made  with  heat,  it  lofes  its  property  of 
being  decompofed  by  water.  This  decompofition  is 
not  complete,  but  only  deprives  the  acid  of  the  re- 
dundant calx. 

All  the  combinations  of  mercury  and  nitrous  acid  Mercurial  nitre, 
are  very  cauftic,  and  form  a deep  purple  or  black 
fpot  upon  the  fkin.  They  afford  cryftals,  which  differ 
according  to  the  ftate  of  the  folution.  When  nitrous 
acid  has  taken  up  as  much  mercury  as  it  can  dif- 
folve  by  heat,  it  ufually  affumes  the  form  of  a white 
faline  mafs.  When  the  combination  of  nitrous  acid 
and  mercury  is  expofed  to  a gradual  and  long  continued 
low  heat,  it  gives  out  a portion  of  nitrous  acid,  and 
becomes  converted  into  a red  fubftance,  fimilar  in  all  Red  precipitate : 
refpecls  to  the  red  calx  of  mercury  formed  by  (imply 
heating  it  in  contadl  with  vital  air.  This  is  known 
by  the  name  of  red  precipitate. 

When  red  precipitate  is  ftrongly  heated,  a large — decompofed* 
quantity  of  vital  air  is  difengaged,  together  with  fome 
phlogifticated  air,  and  the  mercury  is  fublimed  in  the 
metallic  form. 

Mercurial  nitre  is  more  foluble  in  hot  than  cold 
water,  and  affords  cryftals  by  cooling.  It  is  decom- 
pofed by  the  affufion  of  a large  quantity  of  water, 
unlefs  the  acid  be  in  excels* 

When  mercury  is  diffolved  in  nitrous  acid  by  means 
of  heat,  nitrous  air  is  emitted  at  firft  5 and  after- 

S 2 wards 


26a ' 


MERCURY. 


Nitrous  foiution. 


Precipitates. 


Explofron  of 
mercurial  preci- 
pitates. 


Decompofition 
of  the  uitrpus 
foiution  by  other 
acids. 
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wards  ft  ceafes,  though  the  foiution  ftill  proceed-. 
The  mercury  which  is  taken  up  during  the  firft  part 
of  the  procefs  is  calcined,  and  the  other  portion  is 
difiblved  in  the  metallic  Hate.  If  the  foiution  he 
Hopped  in  the  firft  part  of  the-  proeefs,  fixed  and  vola- 
tile pure  alkalis  precipitate  the  yellow  calx  ; but  if  the 
foiution  be  continued  after  the  efcape  of  the  elaftic* 
fluid  has  ceafed,  the  precipitate  obtained  by  the  fame 
means  is  black,  on  account  of  the  admixture  of  me- 
tallic mercury,  which  may  be  feparated  from  the  yel- 
low calx  by  diftillation. 

Ponderous  earth,  magnefia,  and . lime,  precipitate 
the  nitrous  folutions  of  mercury  ; and  thefe  precipi-1 
tates,  as  well  as  all  the  other  calces  of  this  metal,  are- 
reducible  by  heat  alone  without  addition. 

The  precipitates  of  mercury  from  acids,  by  means- 
of  alkalis,  pofiefs  the  property  of  exploding  when  ex- 
pofed  to  a gradual  heat  in  an  iron  fpoon,  after  having 
been  previoufly  triturated,  with.  4 of  their  weight  of 
flowers  of  lulphur.  The  refidue  con  fills  of  a violet- 
coloured  powder,  which  is  converted  by  fublimation 
into  cinnabar.  It  feems  therefore  as  if  the  fulphur 
combined  fuddenly  with  the  mercury,  and  expelled 
vital  air  in  the  elaftic  Hate. 

The  vitriolic  acid,  or  the  falts  containing  it,  de- 
compofe  the  nitrous  folutions  of  mercury  by  virtue 
of  the  ftronger  attraction  of  the  vitriolic  acid  to 
the  metal.  The  precipitate  which  falls  down  does 
not'  effentially  differ  from  the  fubftance  produced 
by  the  direbt  foiution  of  mercury  in  the  vitriolic 
acid.  The  marine  acid  likewile  feizes  the  mercury 
diffolved  in  the  nitrous  acid,  and  forms  a compound 

which 


CORROSIVE  SUBLIMATE. 


which  falls  to  the  bottom.  This  confifts  of  a very  mercury. 
cuullic  fait,  which  is  called  corrofive  fublimate,  and  c oTwi 

produced  when  the  nitrous  folution  contains  only  mate- 
calx  of  mercury  ; but  when  that  folution  is  faturated 
with  metallic  mercury,  the  compound  which  falls 
down  by  the  addition  of  marine  acid  is  called  white 
precipitate,  and  does  not  differ  from  the  preparation  Page  263. 
which,  when  made  in  the  d-ry  way,  is  called  calomel,  Calomel, 
or  mercurius  dukis. 

The  acetous  and  molt  other  acids  combine  with 
the  calx  of  mercury,  and  precipitate  it  from  its  folu- 
tion in  the  nitrous  acid. 

The  marine  acid  does  not  act  perceptibly  upon  Combination  of 
mercury  in  the  metallic  ftate  ; but  the  dephlogifti-  d^piXgiftkated 
cated  or  aerated  marine  acid  readily  diffolves  itj  and  marinc  acld- 
forms  the  fame  combination  as  arifes  from  the  diredf 
union  of  marine  acid  with  calx  of  mercury ; that  is 
to  fay,  corrofive  fublimate. 

The  great  fpecific  gravity  of  mercury  rendered  it  an  Preparation  of 


and  fimple  than  thofe  of  modern  chemiftry.  Among 
others,  the  combination  of  the  calx  of  mercury  with 
marine  acid  is  produced  by  feveral  methods  in  the  dry 
way  by  fublimation.  In  the  large  way,  corrofive  fub- 
limate  is  prepared  by  triturating  equal  parts  of  mer- 


object  of  peculiar  attention  to  the  alchemifts  and  earlier 
ehemifts  ; many  of  whom  hoped  to  fix  it  in  the  form  of 
a foiid  fubftance,  or  to  cxtraft  gold  from  it.  From 
thefe  motives,  a great  variety  of  proceffes  have  been 
made  with  it,  by  methods  which  are  much  lefs  diredf 


corrofive  fubli- 
mate. 


s 3 


veffel. 
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mercury,  vefiel.  In  this  operation,  the  vitriolic  acid  from  the 
Corrofive.  fubiU  v^tri°^  IS  fuppofed  to  calcine  the  mercury,  or  to  de« 
tnate<  phlogifticate  the  marine  acid  of  the  common  fait-,  in 

either  of  which  cafes  the  compound  of  marine  acid 
with  calx  of  mercury  will  be  formed.  From  this  ‘ 
theory,  it  will  eafily  be  underllood  that  corrofive  fub- 
limate  may  be  prepared  by  various  methods.  If  the 
Page  257.  white  mafs  or  calx  of  mercury,  produced  by  expofing 
that  metal  to  the  adtion  of  vitriolic  acid,  be  heated 
in  a matrafs  with  an  equal  quantity  of  common  fait, 
•this  fublimate  will  be  had  by  double  affinity ; the 
vitriolic  acid  partly  faturating  the  alkali,  and  the  mar 
rine  acid  uniting  with  the  calx  of  mercury,  and  rifing 
by  fublimation,  In  the  fame  manner,  the  nitrous 
mercurial  fait,  or  the  mercurial  precipitates,  may  be 
ufed  inftead  of  the  calx  of  mercury  by  vitriolic  acid. 
Caufticity  of  As  the  caufticity  of  metallic  falts  depends  chiefly 
on  the  difpofition  of  the  calcined  metal  to  refume  the 
metallic  Hate,  at  the  fame  time  that  it  burns  or  cal- 
cines the  fubftance  to  which  it  may  be  applied  *,  it  is 
accordingly  found  that  corrofive  fublimate  pofiefles 
this  property  in  the  moll  eminent  degree  ; it  is  there- 
fore one  of  the  moft  adfive  mineral  poifons.  This 
fait  is  foluble  in  water,  though  fparingly,  and  alfo  in 
ardent  fpirit.  It  is  precipitated  of  an  orange  colour 
by  fixed  alkalis.  The  abforbent  earths  likewife  throw 
down  its  calx.  Volatile  alkali  affords  a white  preci- 
pitate, which  foon  afterwards  aflumes  a Hate  colour. 

Sal  aiembroth.  Corrofive  fublimate  becomes  much  more  foluble  in 
water  by  the  addition  of  fal  ammoniac,  with  which 
it  forms  a triple  compound,  called  fal  alembroth  by 
the  alchemifts,  which  cryftallizes  by  cooling.  The 
6 addi- 
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addition  of  a fixed  alkali  throws  down  a white  calx  mercury. 
of  mercury,  called  white  precipitate  in  the  difpenfa- 

tories.  ute* 

The  preparation  of  calomel  is  ufually  made  by  tri-  Preparation  of 

. 1 r . • -i  calomel,  or  mer- 

turating  corrofive  fublimate  m a glals  mortar  witn  curius  dulcis. 
fluid  mercury,  added  by  a little  at  a time,  until  no 
more  can  be  made  to  disappear.  A fmall  quantity  of 
water  added  to  the  corrofive  fublimate  during  this 
part  of  the  procefs,  prevents  that  fait  from  rifing  in 
the  form  of  noxious  dull.  In  this  ftate,  the  combi- 
nation is  the  fame  as  that  obtained  from  the  faturated  Page  261. 
nitrous  folution  of  mercury  by  the  addition  of  marine 
acid.  The  mixture  of  corrofive  fublimate  and  mer- 
cury is  more  perfedlly  combined  by  expofing  it  to 
Sublimation.  It  adheres  to  the  internal  part  of  the 
fubliming  veflel  in  the  form  of  a white  mafs,  of  a 
ftriated  texture.  If  there  be  any  fufpicion  of  its  con- 
taining corrofive  fublimate,  which  is  not  probable 
on  account  of  the  more  volatile  nature  of  the  latter, 
they  may  be  feparated  by  means  of  warm  water,  the 
calomel  being  infoluble. 

When  one  part  of  antimony,  which  is  the  native  Butter  of  anti- 
combination  or  ore  of  antimony  with  fulphur,  is  tritu-  mon>'* 
rated  or  accurately  mixed  with  two  parts  of  corrofive 
fublimate,  and  expofed  to  diftillation,  the  dcphlogifti- 
cated  or  aerated  marine  acid  combines  with  the  regu- 
ius  of  antimony,  and  rifes  in  the  form  of  the  compound 
called  butter  of  antimony  •,  while  the  fulphur  combines 
with  the  mercury,  and  forms  cinnabar.  If  the  regu- 
lus  of  antimony  be  ufed  inftead  of  the  mineral,  the 
refidue  which  rifes  iait  confifts  of  running  mercury, 
in  {lead  of  cinnabar. 
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MERCURY. 


Mercurial 

ethiops. 


Mercury  combines  very  readily  with  fulphur.  By- 
trituration in  a mortar  the  mercury  difappears,  and 
forms  a black  compound  with  the  fulphur,  which  is 
called  ethiops  mineral,  or  mercurial  ethiops.  The 
combination  is  more  fpeedily  made  by  mixing  fluid 
mercury  with  melted  fulphur.  In  this  way  three 
parts  of  flowers  of  fulphur  unite  with  one  of  mer- 
cury. If  the  fulphur  be  fet  on  fire,  the  greatefl  part 
burns,  and  the  remainder  is  of  a violet  colour  when 
pulverized.  This  confifrs  of  a more  intimate  com- 

C-inn ahai'or  vcr-  bination  of  mercery  and  fulphur.  It  rifes  in  a heat 

miliori  formed  in  ' . *• 

the  dry  way : nearly  approaching  to  redn.efs  ; and  the  fublimate, 

which  is  called  cinnabar,  contains"  about  1 part  ful- 
phur, and  the  reft  mercury.  The  pigment  called 
vermilion  confifts  of  artificial  cinnabar  reduced  to  a 
powder. 

Livers  of  fulphur  are  decompofed  in  the  humid  way 
by  mercury,  which  unites  with  the  fulphur.  With  the 
fixed  alkaline  livers  of  fulphur  it  forms  a black  powder, 
or  ethiops,  by  agitation,  which  in  the  courfe  of  a num- 
in  the  humid  ber  of  years  becomes  red ; but  the  volatile  alkaline 
hepar,  or  fuming  liquor  of  Boyle,  converts  mercury 
into  a fine  cinnabar  in  a very  ftiort  time.  Turbith 
mineral,  and  the  precipitates  of  mercury,  are  likewife 
converted  into  cinnabar  by  this  alkaline  hepar. 

Mercury  unites  by  trituration  with  oils  and  muci- 
lages, with  which  it  forms  black  or  deep  blue  com- 
pounds. A fmall  part  of  the  mercury  in  thefe  feerns 
to  be  in  combination,  and  the  reft  in  a ftate  of  ex- 
treme divifion. 

This  metal  can  fcarcely  be  exhibited  in  the  dry  way, 
on  account  of  its  volatility.  The  degree  of  heat  re-. 

. quired, 


way 
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a* 


qujred  to  convert  it  into  the  red  calx  called  preci-  mercury. 
pitate  per  fe,  is  rather  lower  than  its  boiling  point, 
and  a greater  reduces  it  again  to  the  metallic  Hate. 

The  calcination  and  reduction  of  mercury,  without 
addition,  afford  one  of  the  ftrongeft  arguments  in 
favour  of  the  fyftem  which  rejeCts  phlogifton. 

In  the  production  of  the  red  calx  of  mercury,  it  is  Red  calx  of  mer- 

■ . cury,  or  preci- 

•equired  that  air  be  prefent,  and  the  metal  kept  in  a pltate  per  fe. 

■ ate  of  brilk  evaporation.  On  this  account  it  is  found 
:onvenient  that  the  veffel  fhould  be  fo  deep,  and  its 
..perture  fo  fmall,  that  the  fumes  may  not  make  their 
flcape.  It  may  be  inferred  that  in  this,  as  well  as  rage  93, 

alter  calcinations,  there  is  an  abforption  of  vital  air ; 
nore  efpecially  as  vital  air  is  expelled  from  the  calx  by 
.eat  *.  When  the  experiment  is  made  in  doled  veffels  ' 
y means  of  a body  of  the  kind  marked  C,  fig.  15, 
diofe  neck  is  introduced  beneath  a jar  containing 
ommon  air  over  mercury,  the  vital  part  is  absorbed, 
nd  phlogifticated  or  foul  air  remains  ; and  afterwards, 
y an  augmentation  of  heat,  the  mercury  is  revived, 
t the  fame  time  that  it  reftores  the  conftitution  of  the 
: r by  the  emiffion  of  the  vital  air.  Ten  days  or  a 
irtnight’s  conftant  heat  is  required  to  convert  a few 
rains  of  mercury  into  precipitate  per  fe  in  the  final! 
ay. 

Mercury  being  habitually  fluid,  very  readily  com-  Amalgams, 
nes  with  molt  of  the  metals,  to  which  it  comrnu- 
icates  more  or  lefs  of  its  fuflbility.  When  thefe 
metallic  mixtures  contain  a fufficient  quantity  of  mer- 

f Lavoifier,  Traitc  Elcmentaire  de  Chijnic,  page  35. 
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mercury,  cury  to  render  them  foft  at  a mean  temperature,  they 


are  called  amalgams. 


Combinations  of  It  very  readily  combines  with  gold,,  filvcr,  lead,  tin. 


metals. 


bifmuth,  and  zinc ; more  difficultly  with  copper,  arfe- 
nic,  and  regulus  of  antimony  •,  and  fcarcely  at  all  with 
platina  or  iron : it  does  not  unite  with  nickel  or  co- 
balt ; and  its  a£tion  on  manganefe,  wolfram,  and 

4 " > . 

molybdena,  is  not  known.  Looking-glaffes  are  co- 
vered on  the  back  furface  with  an  amalgam  of  tin. 
In  this  operation,  mercury  is  poured  on  tin  foil,  upon 
a flat  flone,  and  fpread  with  a feather  till  its  union  with 
the  tin  has  brightened  every  part  of  its  furface.  A 
large  quantity  of  mercury  is  then  poured  on,  and  the 
glafs  is  Aided  along  the  fluid  furface ; upon  which  it 
is  afterwards  prefled  by  weights,  to  exclude  the  fuper- 
fluous  mercury. 

Native  mercury  Mercury  is  found  native  in  flaty  or  quartzofe  earths, 
or  vifibly  diffufed  through  maffes  of  clay  or  (lone. 
Native  precipitate  per  fe,  or  calx  of  mercury,  has 
alfo  been  found ; and  this  metal  has  likewife  been 
met  with  in  combination  with  the  vitriolic  and  marine 
acids.  Its  volatility  may  probably  have  caufed  it  to  be 
overlooked  in  many  minerals  that  may  contain  it.  The 
greatefl  quantity  of  mercury  is  found  in  combination 
with  fulphur,  in  the  form  of  cinnabar.  Mercury  is  a 
fcarce  metal.  Mod  of  the  mercury  in  commerce  is 
afforded  by  the  mines  of  Idria  in  the  Auftrian  domi- 
nions, Almaden  in  Spain,  and  Guancavelica  in  Peru. 
The  native  mercury  requires  little  more  than  walk- 
ing to  feparate  it  from  its  matrix.  Cinnabar  in  the 

native  date  is  frequently  mixed  with  calcareous  earth; 

in 
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1 which  cafe  the  mercury  may  be  feparated  by  diftilla- 
on,  becaufe  the  calcareous  earth  combines  with  and  jjecompofltion  cf 
stains  the  fulphur.  Pure  cinnabar  may  be  decom-  cinnabar, 
fted  by  the  addition  of  about  one  third  of  its  weight 
f iron.  In  all  cafes  wherein  pure  mercury  is  re- 
uired,  it  muft  be  diftilled  from  cinnabar,  or  its  ful- 
aureous  combination.  For  tills  purpofe,  the  mercury 
tay  be  converted  into  ethiops,  and  diftilled  with  twice 
s weight  of  quicklime  or  iron  filings.  Mercury  in  Purity  of  mcr- 
immerce  is  judged  to  be  pure  when  it  is  perfectly  cury’ 

: aid,  and  runs  in  neat  globules,  without  any  pellicle 
in  its  furface,  or  without  foiling  a funnel  of  clean 
hite  paper,  through  which  it  may  be  poured  by  a 
sry  fmsll  aperture  at  bottom.  If  it  leaves  nothing 
ehind  after  evaporation,  its  purity  may  be  (till  more 
epended  upon. 

To  analyfe  native  cinnabar,  its  ftony  matrix  fhould  Humid  analytic 
rft  be  diffolved  in  nitrous  acid  \ and  the  cinnabar,  °f  clnuabar‘ 

I being  difengaged,  fhould  be  boiled  in  eight  or  ten 
: mes  its  weight  of  aqua  regia,  compofed  of  three 
3 arts  nitrous,  and  one  marine  acid  : the  mercury  may 
1 len  be  precipitated  in  the  metallic  form  by  the  addi- 
con  of  zinc. 

The  ufes  of  mercury  have  already  been  mentioned  Ufcs  of  mercury, 
1 the  prefent  chapter,  and  elfewhere.  The  amalga- 
lation  of  the.  noble  metals,  water-gilding,  the  making 
f vermilion,  the  filvering  of  looking-glafles,  and  the 
reparation  of  feveral  powerful  medicines,  are  the 
rincipal  ufes  to  which  this  metal  is  applied.  , 
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Characters  of 
lead. 


Granulated, 


Page  65. 


Calcination. 


Minium,  or  red 
lead. 


T E A D is  a white  metal,  of  a confiderably  blue 
-®— ' tinge,  very  foft  and  flexible,  not  very  tenaciou::, 
and  confequently  incapable  of  being  drawn  into  fine 
wire,  though  it  is  eafily  extended  into  thin  plates  under 
the  hammer.  Its  weight  is  very  confiderable,  being 
rather  greater  than  that  of  filver.  Long  before  igni- 
tion, namely  at  about  the  540th  degree  of  Fahren- 
heit’s thermometer,  it  melts ; and  then  begins  to  be 
calcined,  if  refpirable  air  be  prefent.  In  a ftrong  heat 
it  boils,  and  emits  fumes  $ during  which  time,  if  ex- 
pofed  to  the  air,  its  calcination  proceeds  with  confi- 
derable rapidity.  If  melted  lead  be  poured  into  a box 
previoufly  rubbed  with  chalk  to  prevent  its  action  on 
the  wood,  and  be  continually  agitated,  it  will  con- 
crete into  feparate  grains,  of  confiderable  ufe  in  vari- 
ous mechanical  operations,  particularly  that  of  weigh- 
ing. Lead  is  brittle  at  the  time  of  congelation.  In 
this  Hate  it  may  be  broken  to  pieces  with  a hammer, 
agid  the  cryftallization  of  its  internal  parts  will  exhibit 
an  arrangement  in  parallel  lines. 

This  metal,  during  the  progrefs  of  heat,  firlt  be- 
comes converted  into  a dulky  powder,  which  by  a 
continuation  of  the  heat  becomes  white,  yellow,  and 
afterwards  of  a bright  red  inclining  to  orange  colour, 
called  minium,  or  red  lead.  The  procefs  requires 
confiderable  management  with  regard  to  the  heat  and 

accefs 
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ccfs  of  air,  hi  the  making  of  red  lead.  Many  days  are  lead. 
rjuired  for  this  purpofe.  If  the  heat  be  too  great  or  ^ 

: iid,  the  lead  becomes  converted  into  a flaky  fub- 
rice,  called  litharge;  and  a (till  greater  heat  con- Litharge  and 
rts  it  into  a clear,  tranfparent, 
werfully  diffolves  and  corrodes  metallic  calces  or 
fths ; and  on  this  account  it  ufually  finds  its  way 
*ough  the  crucibles  in  a fhort  time.  It  a£fes'  moi^e 
ficultly  on  argillaceous  than  on  filiceous  earths ; 
lence  it  is  found  that  veffels  made  of  clay  mixed 
th  broken  pottery  are  preferable  to  thofe  that  are 
tnpofed  of  clay  and"  fand.  The  calx  of  lead  is  a 
i incipal  ingredient  in  moil  of  the  modern  fine  white 
iffes.  It  is-  more  particularly  calculated  to  form  the 
: nfe  glafs  ufed  to  correct  the  aberration  arifing'  front 
. lour  in  thofe  telefcopes  which  are  known  By  the  Achromatic  te- 
me  of  achromatic;  becaufe  it  communicated  thd  lefLOhe‘ 
aperty  of  feparating  the  coloured  rays  from  each 
ier  in  greater  angles  than  obtain  in  alkaline  glafies 
.equal  angles  of  mean  refraction.  The  imperfection 
lich  moil  confiderably' affedts  this'  kind  of  glafs-  is,- 
:.rt  its  denfity  is  feldom  uniform  throughout".  The 
regularities  ihew  themfblves  in  the  form  of  veins', 
lich  greatly  difturb  the  regular  refraction. 

• Lead  is  not  much  altered  by  expofurp  ,to  air  or  Adtionofairarxl 
ner  ; though  the  brigbttiefs  of  its  furface,  when  cut  waicr  0,1  lead ; 
fcraped,  very  loon  goes  off.  It  is  probable  that  a 
n firatum  of  calx  is  formed  on  the  furface,  which 
fends  the  reft  of  the  metal  from  corrofion. 

Moft  of  the  acids  attack  lead.  The  vitriolic  acid  _0f  viuioUc 
es  not  a 61  upon  it,  unlefs  it  be  concentrated  and  aclJ* 
filing.  Vitriolic  acid  air  efcapes  during  this  pi'o- 

ccfs, 
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cefs,  and  the  acid  is  decompofed.  When  the  diftil-  i 
lation  is  carried  on  to  drynefs,  a faline  white  mafs  j 
remains,  a fmall  portion  of  which  is  foluble  in  water,  i 
and  is  the  vitriol  of  lead:  it  affords  cryltals.  The} 
refidue  of  the  white  mafs  is  a calx  of  lead. 

Nitrous  acid  adds  ftrongly  on  lead,  and  converts  it  i 


Plumbum  cor- 
r.eum : 


• marine  acid: 


Combination  of 

kad°US  3Cld  ’ind  into  a w^ite  calx  if  the  acid  be  concentrated  5 but  iff 
it  be  more  diluted,  the  calx  is  diffolved,  and  forms  a> 
nitre  of  lead  which  is  cryftallizable,  and  does  not: 
afford  a precipitate  by  cooling.  It  detonates  on  ig-, 
nited  coals.  Lime  and  alkalis  decompofe  the  nitrous  t 
folution  of  lead.  The  vitriolic  acid  added  to  thisi 
folution  combines  with  the  metallic  calx,  and  fallsi; 
down.  The  marine  acid  in  the  fame  manner  carries} 
down  the  lead,  and  forms  a combination  called  plum- 
bum corneum,  which  is  more  foluble  in  water  than} 
the  horn  filver, 

Marine  acid  a£ls  dire&ly  on  lead  by  heat,  which 
it  calcines,  and  diffolves  part  of  its  calx.  The  marine 
fait  of  lead  is  cryftallizable. 

The  acetous  acid  diffolves  lead  and  its  calces;} 
though  probably  the  accefs  of  air  may  be  neceflaryl 
for  the  folution  of  the  metal  itfelf  in  this  acid. 
White  lead,  or  White  lead,  or  cerufe,  is  made  by  rolling  leaden 
plates  fpirally  up,  fo  as  to  leave  the  fpace  of  about 
an  inch  between  each  coil,  and  placing  them  verti 
cally  in  earthen  pots,  at  the  bottom  of  which  is  fome 
good  vinegar.  The  pots  are  to  be  covered,  and  ex- 
pofed  for  a length  of  time  to  a gentle  heat  in  a fand 
bath,  or  by  bedding  them  in  dung.  The  vapour  of 
the  vinegar,,  affifted  by  the  tendency  of  the  lead  to 
combine  with  the  pure  part  of  the  air  which  is  pre 
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lent,  corrodes  the  lead,  and  converts  the  external 
portion  into  a white  calx,  which  comes  off  in  flakes  - v?  ' 
when  the  lead  is  uncoiled.  The  plates  are  thus 
treated  repeatedly  until  they  are  corroded  through, 

Cerufe  is  the  only  white  fubftance  ufed  in  oil  paint- 
ings. It  may  be  diffolved  without  difficulty  in  the 
acetous  acid,  and  affords  a cryftallizable  fait,  called 
fugar  of  lead  from  its  fweet  tafte.  This,  like  all  the  Sugar  of  Head, 
preparations  of  lead,  is  a moll  deadly  poifon. 

Liver  of  fulphur  precipitates  lead  from  its  folu-  Aftion  of  liver 
Tons,  the  fulphur  falling  down  in  combination  with  J|u.ll)hur  on 
:the  lead.  Pure  alkaline  folutions  diflolve  a fmall  _0f  alkalis; 
rportion  of  lead,  and  corrode  a confiderable  quan- 
tity: the  folution  is  faid  to  give  a black  colour  to 
lithe  hair. 

Oils  diffolve  the  calces  of  lead,  and  become  — oils* 
thick  and  confiftent ; in  which  ftate  they  are  ufed 
as  the  bafis  of  plafters,  cements  for  water  works, 
rpaint,  &c. 

In  the  dry  way,  lead  alone  is  calcined  and  vitrefied.  Habitudes  in  the 
AWhen  fufed  with  fixed  alkaline  falts,  it  is  converted  dry  v,a-'’ 
li.nto  a dark-coloured  fcoria,  partly  foluble  in  water. 

The  neutral  falts  in  general  are  not  added  upon  by 
lead.  Nitre  calcines  this  metal  when  heated  with  it, 
ihough  fcarcely  any  commotion  or  apparent  flame  is 
[produced  by  its  addion.  Sulphur  readily  diffolves  it  in 
the  dry  way,  and  produces  a brittle  compound,  of  a 
deep^grey  colour  and  brilliant  appearance,  which  is 
much  lefs  fufible  than  lead  itfelf  j a property  which  is 
: common  to  all  the  combinations  of  fulphur  with  the 
mere  fufible  metals. 

The 
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The  phofphorie  acid,  expofed  to  Heat  together  with 
Habitudes  with  Sarcoid  and  Icad>  becomes  converted  into  phofphorus, 


Decompofition 
of  fal  ammo- 
niac : 


> — of  common 
fait. 


phoiphoric  acid,  which  combines  with  the  metal.  This  combination 
does'  trot'  greatly  differ  from  ordinary  lead  : it  is  mal- 
leable, and  eafily  cut  wit'll  a knife ; but  it  lofes  its 
brilliancy  more  fpeedily  than  pure  lead-,  and,  when 
fufed  upon  charcoal  witli  the  blow-pipe,  the  phofpho- 
rus  burns*,  and  leaves1  the  lead  behind. 

Lead  decompofes  fal  ammoniac  by  the  afliftarice  of 
liCat : its  calces  unite  with  the  marine  acid  of  that 
fait  ih  did  cold,  and  difengage  its  volatile  alkali* 
When  volatile  alkali  is  obtained  by  diltillmg  fal  am- 
moniac with  the  calces  of  lead,  the  refidue  confifts  of 
plmhbum  corneum. 

Litharge  fufed  with  common  fait  decompofes  it  j 
the  lead  unites"  with  the  marine  acid,  and  forms  a 
yelloW  compound,  at  prefent  ufed  in  this  country  as 
a pigment,  for  which  an  exclufive  privilege  has  been 
granted.  The  alkali  either  floats  at  top,  or  is  vola* 
tilized  by  did  heat  if  Itroiigly  urged.  The  fame  de- 
compofition  takes  place  in  the  humid  way,  if  common 
fait  be  iWacerated  with  litharge ; and  the  folution  will 
contain  catimc' alkali. 

Combinations  of  Lead  unites  with  molt  of  the  metals*  Gold  and 
lead,  with  metals.  pqyer  are  diflblved  by  it  in  a flight  red  heat.  Both 

tliefe  metals  are  faid  to  be  rendered  brittle  by  a fmall 
admixture  of  lead,  though  lead  itfelf  is  rendered 
more  ductile  by  a fmali  quantity  of  them*  Platina 
forms  a brittle  compound  with  lead  ; mercury  amal- 
gamates with  it;  but  the  lead  is  feparated  from  the 
mercury  by  agitation,  in  the  form  of  an  ^impalpable 


Page  1 1 8. 


3 


black 


in 


METALLIC  fcOMEINATlONS. 


273 


black  powder,  vital  air  being  at  the  fame  time  ab- 
sorbed. The  prefence  of  vital  air  is  indifpenfabiy 
necefi’ary  in  this  procefs.  Copper  and  lead  do  not 
mite  but  with  a ftrong  heat.  If  lead  be  heated  fo 
as  to  boil  and  fmoke,  it  foon  diffolves  pieces  of  cop- 
per thrown  into  it ; the  mixture  when  cold  is  brittle. 
The  union  of  thefe  two  metals  is  remarkably  flight ; 
:or  upon  expofing  the  mafs  to  a heat  no  greater  than 
hat  in  which  lead  melts,  the  lead  almoft  entirely 
runs  off  by  itfelf.  This  procefs,  which  is  peculiar 
o lead  with  copper,  is  called  eliquation.  The  coarfer 
orts  of  lead,  which  owe  their  brittlenefs  and  gra- 
mlated  texture  to  aq  admixture  of  copper,  throw5 
t up  to  the  furface  on  being  melted  by  a fmall 
leat.  Iron  does  not  unite  with  lead,  as  lonp-  as 
>oth  fubftances  retain  their  metallic  form.  Tin 
mites  very  eafily  with  this  metal,  and  forms  a com- 
pound which  is  much  more  fufible  than  lead  by  it- 
elf,  and  is  for  that  reafon  ufed  as  a folder  for 
-ad*  Two  parts  of  lead  and  one  of  tin  form  an 
lloy  more  fufible  than  either  metal  alone : this  is 
he  folder  of  the  plumbers.  Bifmuth  combines  rea- 
lly with  lead,  and  affords  a metal  of  a fine  clofe 
rain,  but  very  brittle.  A mixture  of  eight  parts 
ifmuth,  five  lead,  and  three  tin,  will  melt  in  a heat 
diich  is  not  fufficient  to  caufe  water  to  boil.  Regulus 
f antimony  forms  a brittle  alloy  with  lead.  Wol- 
am  unites  with  it  into  a fpongy  ductile  compound, 
'hich  fplits  into  leaves  when  hammered.  Nickel, 
abalt,  manganefe,  and  zinc,  do  not  unite  with  lead 
y fufion. 
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Revival  of  the 
calces  of  lead. 


Vative  lead  and 
its  ores. 


Analyfis  of  cal- 
ciform  ores. 


All  the  calces  of  lead  are  very  eafily  revived.  Mi- 
nium, when  expofed  to  a ftrong  heat,  gives  out  part 
of  the  vital  air  it  abforbcd  during  its  calcination ; 
but,  like  the  other  calces  of  this  metal,  it  requires  the 
addition  of  fome  combuftible  fubftance  for  its  com- 
plete revival.  A familiar  inftance  of  this  revival  is 
feen  by  expofmg  the  common  wafers  to  the  flame  of 
a candle.  Theie  wafers  are  coloured  with  minium, 
which  is  revived  by  the  heat  and  inflammable  fub- 
itance  of  the  wafer,  fo  that  it  falls  down  in  metallic 
globules. 

Lead  is  found  native,  though  feldom ; and  alfo  in 
the  form  of  a calx,  called  native  cerufe,  or  lead  ochre, 
or  lead  fpar  of  various  colours,  red,  brown,  yellow, 
green,  blueifh,  and  black.  Thefe  ores,  when  freed  as 
much  as  poffible  from  earthy  matter,  may  be  diflblved 
in  diluted  nitrous  acid.  Calx  of  iron  is  ufually  thrown 
down  from  the  folution  by  boiling.  If  the  lead  be 
then  precipitated  by  the  mild  mineral  alkali,  and 
weighed,  132  grains  of  the  dry  precipitate  will  cor 
refpond  with  100  grains  of  lead  in  the  metallic  ftate, 
[f  the  precipitate  be  fufpedled  to  contain  copper  5 
may  be  feparated  by  digefling  in  volatile  alkali.  Ii 
it  be  fuppofed  to  contain  filver  and  copper,  the  preci- 
pitate may  again  be  diffolved  in  nitrous  acid,  and  fepa- 
rated by  the  addition  of  marine  acid ; which  conn 
bining  with  the  metal,  produces  luna  cornea,  ant 
plumbum  corneum  ; the  latter  of  which,  being  falli- 
ble in  30  times  its  weight  of  boiUng  water,  ma; 
fee  wafhed  off',  •while  the  filver  remains  undifiolved 
©r  the  filver,  if  alone  in  the  precipitate,  may  bt 
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aken  up  by  volatile  alkali,  which  will  leave  the  lead. 

alx  of  lead  of  the  fame  value  with  regard  to  V~ 

eio-ht  as  the  foregoing.  Lead  is  alfo  found  mine-  Native  falts  of 

alized  by  the  vitriolic  and  the  phofphoric  acids : 

ais  laft  is  of  a greenifh  colour,  arifing  from  a 

lixture  of  iron.  The  vitriol  of  lead  is  foluble  in 

bout  1 8 times  its  weight  of  water.  One  hundred 

1 ud  forty-three  grains  of  the  dried  fait  reprefent  ioo 

rains  of  lead.  The  phofphoric  lead  ore  may  be  Humid  analyfis 

...  r . of  phofphoric, 

iffolved  m nitrous  acid  by  means  ot  heat,  except  a ieatl  ore. 

:w  particles  of  iron,  which  remain  at  the  bottom. 
j\,y  the  addition  of  vitriolic  acid  the  lead  is  thrown 
own  in  the  form  of  white  flakes  of  vitriol ; which, 

•hen  waflied  and  dried,  difcover  the  quantity  of  lead 
ley  contain,  by  the  fame  allowance  of  143  grains  of 
L ie  fait  to  100  grains  of  metallic  lead.  The  remain- 
.tg  folution  being  evaporated  to  drynefs,  affords  phof- 
h ioric  acidi 

Lead  is  abundantly  found  in  combination  with  Sulphureous  ore 
[lilphur,  in  the  form  of  heavy,  fhining,  black,  or  kna!^  ’ ^ 

, ueifh  lead-coloured  cubical  mafles,  whofe  corners 
-e  ufually  truncated  5 its  texture  is  laminated,  and 
s hardnefs  variable.  This  is  called  galena,  or  potters 
ad  ore.  Mofl  lead  ores  contain  more  or  lefs  of 
.ver.  When  antimony  enters  into,  its  compofition, 
te  texture  is  radiated  or  filamentous.  There  are 
io  lead  pyrites,  which  contain  a confiderable  pro- 
Drtion  of  iron  and  fulphur  j and  red  lead  fpar, 
hich  confifls  of  lead  mineralized  by  fulphur  and 
fenic  : this  is  very  fcarce. 

If  fulphurated  lead  be  boiled  in  nitrous  or  marine  Analyfis  of  ful- 
ad  of  a moderate  ftrength,  the  fulphur  may  be  phuia>eu 
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LEAD. 


Revival  of  lead 
by  the  blow- 
pipe. 


Ufes  of  lead. 


/ 

obtained  pure,  and  collected  on  a filter.  When  iron 
or  {tony  particles  are  contained  among  the  undif- 
folved  part,  the  fulphur  may  be  feparated  by  digeftion 
in  a folution  of  cauftic  fixed  alkali,  which  converts 
it  into  liver  of  fulphur,  and  leaves  the  other  info- 
luble  matters  behind.  If  the  firft  folution  be  made 
with  nitrous  acid,  it  may  contain  filver  and  lead, 
which,  after  precipitation  by  mild  mineral  alkali,  may 
be  feparated  by  the  volatile  alkali,  as  mentioned  in  the 
humid  analyfis  of  the  calciform  ores  : when  the  ma- 
rine acid  is  ufed  for  the  folution  of  the  ore,  a large 
quantity  of  plumbum  corneum  feparates,  for  want  of 
a fufficient  quantity  of  water  to  diflolve  it.  This 
requifite  quantity  of  water  muff  be  added  to  diflolve 
the  fait  before  the  precipitate  is  made  by  the  fixed 
alkali. 

All  the  ores  of  lead,  except  the  phofphoric,  are 
reducible  to  the  metallic  hate  by  difllpating  their 
volatile  contents  by  the  blow-pipe  on  a piece  of  char- 
coal. In  the  large  way,  they  are  revived  by  fufion 
with  charcoal. 

The  ores  of  this  metal  are  abundantly  found  in  the 
mine  counties  of  England,  and  in  various  other  parts 
of  the  globe.  Its  ufes  are  numerous,  and  fcarcely 
need  be  mentioned.  Its  calces  have  been  already 
mentioned  as  of  great  ufe  as  a pigment,  and  in  the 
manufacture  of  glafs.  Lead  is  cad;  into  thin  flieets 
for  covering  buildings,  making  water-pipes,  and  vari- 
ous other  ufes ; and  this  is  rolled  between  two  cy- 
linders of  iron,  to  give  it  the  requifite  uniformity 
and  tfyinnefs.  Lead  is  thought,  and  with  fome  rea- 
fon,  to  be  not  perfectly  innocent  even  for  water- 

pipes, 
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pipes,  and  much  lefs  fo  for  any  other  kind  of  veflels. 
The  workmen  in  any  of  the  preparations  of  lead 
ire  generally  fubjedt  to  a peculiar  colic,  and  paralytic 
liforders  j which  molt  probably  arife  from  the  in- 
ternal ufe  of  the  metal:  for  it  is  a fadt  that  thefe 
workmen  are  not  fufficiently  cautious  in  walhing 
heir  hands,  or  removing  fuch  particles  of  lead,  or 
• ts  preparations,  as  may  cafually  intermix  with  their 
ood. 
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COPPER. 


Chara&ers  of 
copper. 


See  Newton’s 
Optics. 


Corrofion  of 
copper : 


CONCERNING  COPPER. 


COPPER  is  a metal  of  a peculiar  reddifh  brown 
colour ; hard,  fonorous,  very  malleable,  and 
du&ile  •,  of  confiderable  tenacity,  and  of  a moderate 
fpecific  gravity.  At  a degree  of  heat  far  below 
ignition  the  furface  of  a piece  of  polifhed  copper 
becomes  covered  with  various  oranges  of  prifmatic 
colours,  the  red  of  each  order  being  neareft  the  end 
which  has  been  moft  heated ; an  effedt  which  muft 
doubtlefs  be  attributed  to  calcination,  the  ftratum  of 
calx  being  thickeft  where  the  heat  is  greateft,  and 
growing  gradually  thinner  and  thinner  towards  the 
colder  part.  A greater  degree  of  heat  calcines  it 
more  rapidly,  fo  that  it  contradfs  thin  powdery  feales 
on  its  furface,  which  may  be  eafily  rubbed  off;  the 
flame  of  the  fuel  becoming  at  the  fame  time  of  a 
beautiful  blueifh  green  colour.  In  a ftrong  white 
heat,  nearly  the  fame  as  is  neceflary  to  melt  gold  or 
filver,  it  melts,  and  exhibits  a blueifh  green  flame  j 
by  a violent  heat  it  boils,  and  is  volatilized  partly  in 
the  metallic  ftate. 

Copper  rufts  in  the  air  *,  but  the  corroded  part  is 
very  thin,*  and  preferves  the  metal  b.eneath  from  fur- 
ther corrofion. 

The  vitriolic  acid,  when  concentrated  and  boiling, 
in  vitriolic  acid,  ^.^jveg  COpper.  A brown  thick  fluid,  containing 

calx  of  copper,  and  a portion  of  the  calx  combined 

with 


— r and  folution 
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with  vitriolic  acid,  is  found  at  the  bottom  of  the  ^ copper. 
folvent.  If  water  be  added  to  this,  it  forms  a blue  v 
folution  of  copper,  which  by  evaporation  affords  blue 
cryftals,  that  require  about  four  times  their  weight 
of  water  to  diffolve  them.  I his  folution  lets  fall  a 
calx  of  copper  of  a green  colour  by  long  expofure  to 
the  air. 

The  folutions  of  copper  in  vitriolic  acid  are  {lightly  Vitriolic  combi- 

. nations  and  prt- 

cauftic.  Magnefia,  lime,  and  the  fixed  alkalis,  pre-  cipitates. 
cipitate  the  metal  from  them  in  the  form  of  calx. 

Volatile  alkali  precipitates  all  the  folutions  of  copper ; 
but  rediffolves  the  calx,  and  produces  a deep  blue 
colour.  Copper  is  precipitable  from  molt  of  its  folu- 
tions in  the  metallic  ftate  by  the  addition  of  iron  : a 
clean  plate  of  iron-foon  becomes  covered  with  a coat- 
ing of  copper  when  immerfed  in  the  folution : hence 
the  volatile  alkali,  and  the  application  of  iron,  are  con- 
fidered  as  the  tefts  of  the  prefence  of  copper.  There 
are  certain  mineral  waters  in  Hungary,  Sweden,  Ire- 
land, and  in  various  parts  of  England,  which  contain 
vitriol  of  copper,  and  from  which  it  is  precipitated  by 
the  addition  of  pieces  of  old  iron. 

Nitrous  acid  diffolves  copper  with  great  rapidity,  Nitrous  combi- 

1 it  i r -r.  nation  of  copper 

and  diiengages  a large  quantity  of  nitrous  gas.  rart 
of  the  metal  falls  down  in  the  form  of  a calx ; and 
the  filtrated  or  decanted  folution,  which  is  of  a much 
deeper  blue  colour  than  the  vitriolic  folution,  affords 
cryftals  by  flow  evaporation.  This  fait  is  deliquef* 
cent,  very  foluble  in  water,  but  moft  plentifully  when 
the  fluid  is  heated.  Its  folution,  expofed  to  the  air 
in  {hallow  vcffels,  depofits  a calx  of  a green  colour. 

Lime  precipitates  the  metal  of  a pale  blue  * fixed 

T 4 . alkalis. 
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COPPER. 


Solution  of  cop 
per  in  marine 
acid : 


— in  vegetable 
acids. 


Effedt  of  tlie 
prefence  of  air. 


SOLUTIONS  OF  COPPER. 

alkalis,  of  a blueifh  white.  Volatile  alkali  throws 
down  blueifh  flocks,  which  are  quickly  rediffolved, 
and  produce  a lively  blue  colour  in  the  fluid. 

Marine  acid  does  not  readily  diiTolve  copper,  unlefs 
it  be  concentrated  and  boiling.  The  folution  is  of  a 
deep  brown  colour ; but,  on  Handing  for  fome  time, 
it  depoflts  a fediment,  and  becomes  green.  By  care- 
ful evaporation  it  yields  cryftals ; or,  when  infpiflated, 
it  afforqs  a greenifh  mafs,  which  deliquefees  in  the 
air,  is  readily  diffolveu  in  water,  gives  a green  tincture 
to  ardent  fpirit,  melts  in  a gentle  heat,  takes  fire  from 
a candle,  and  burns  with  a blue  flame.  The  marine 
acid  diffolves  the  calces  of  copper  more  readily  than 
the  metal  itfelf ; but  the  folution  does  not  differ  from 
the  foregoing. 

Vegetable  acids  diffolve  copper  flowly ; but  in  con- 
derabie  quantity,  if  refpirable  air  be  prefent.  In 
this,  as  in  a number  of  other  metallic  folutions,  it 
appears  that  the  difpofltion  of  the  air  to  calcine  the 
metal  is  greatly  aflifted  by  the  elective  attraction  of  the 
acid  for  the  metallic  calx.  Vinegar  does  not  diffolve 
copper  when  boiling,  becaufe  the  beam  prevents  the 
aceefs  of  the  air ; but  the  fame  acid  ftanding  for  a 
day  in  a copper  veflel,  will  contradt  a dangerous  metal- 
lic impregnation.  This  circumftance  accounts  for  the 
unhappy  confequences  in  fome  inftances  attending  the 
ufe  of  copper  veflels,  which  in  other  cafes  have  pro- 
duced no  noxious  effects.  Confectioners  boil  pickles, 
and  even  lemon  juice,  in  clean  copper  veflels,  with- 
out obferving  any  bad  taffe  or  noxious  confequence 
to  follow.  We  cannot  however  avoid  heartily  con- 
curring in  the  general  opinion  which  now  pre- 
vails, 

i 
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vails,  in  the  rejedfion  of  copper  veffels  for  culinary  copper. 

purpofes.  , 

Verdigris  is  a calx  of  copper  prepared  in  large  Fabrication  of 
quantities  near  Montpellier  in  France,  by  ftratifying  vcrdlgns’ 
copper  plates  with  the  hulks  of  grapes  which  remain 
after  the  juice  has  been  prefled  out,  Theie  loon  be- 
come acid,  and  corrode  the  copper.  A folution  of 
this  calx  in  diftilled  vinegar  affords  permanent  cryftals. 

Improperly  called  diftilled  verdigris. 

Fixed  alkalis  have  fome  adtion  on  copper,  with  Solution  of  cop., 
which  they  form  a light  blue  folution.  This,  as  kalis"  ^ 
well  as  the  volatile  alkaline  folution,  appears  to 
fucceed  better  in  the  cold  than  by  the  affiftance  of 
heat,  for  the  fame  reafon  as  the  cold  acetous  acid  adts 
upon  copper ; namely,  the  facility  with  which  the 
metal  is  calcined  by  the  accefs  of  air. 

Volatile  alkali  diffolves  copper  with  much  greater  — in  volatile 

alkali. 

rapidity  than  fixed  alkalis,  whether  it  be  in  the  me- 
tallic or  calciform  ftate ; and  forms  a beautiful 
blue  folution.  This  fluid  has  long  attradled  the 
notice  of  .chemifts,  on  account  of  its  becoming 
.colourlefs  in  ckffed  veffels ; and  recovering  its  co- 
lour, which  gradually  extends  from  the  furface 
downwards,  when  the  veffel  is  opened.  This  effedt 
is  explained  by  the  fuppofition,  that  the  perfedt  folu- 
tion of  calx  of  copper  in  volatile  alkali  is  colourlefs 
when  the  alkali  is  in  excefs  j but  that  it  is  blue  when 
it  abounds  with  calx  of  Copper  : and  accordingly 
it  is  found  that  the  lofs  of  colour  on  keeping  the 
veffel  clofed  for  fome  time,  and  its  re-appearance 
on  opening  the  veffel,  does  not  fucceed  with  old  fo- 
lutions,  which  are  permanently  blue.  The  air  cal- 
cines 
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COPPER. 


Habitudes  of 
copper  with 
volatile  alkali : 


• — with  oils, 
earths,  alkalis, 
and  neutral  falts. 


— fal  ammo- 
niac. 


clncs  more  perfeftly  a portion  of  the  fufpended  cop- 
per, which  gives  a blue  colour  to  the  fluid  until  it 
has  more  intimately  combined  with  the  alkali.  If 
this  combination  be  made  in  the  clofed  veflei,  the 
colour  difappears;  if  it  be  made  in  the  open  veffel, 
the  calcination  of  another  portion  goes  on,  and  con- 
tinues until  the  alkali  is  faturated,  and  can  combine 
with  no  more : fo  that  the  laft  portion  of  perfeft 
cab:,  which  caufes  the  blue  colour,  does  not  feem 
to  have  entered  into  fo  intimate  a combination,  for 
want  of  an  excefs  of  alkali.  The  alkali  does  not 
take  up  any  confiderable  quantity  - when  applied  to 
copper  filings  ; but  it  difTolves  much  more  of  the 
calces  of  copper.  The  folution  does  not  very  readily 
afford  cryftals. 

Oils  do  not  feem  to  aft  upon  copper  until  they 
become  rancid ; in  which  cafe  their  difengaged  acid 
corrodes  the  copper,  and  the  oil  affumes  a blueifh 
green  colour.  Verdigris  is  foluble  in  ardent  fpirit. 
Copper  in  the  metallic  flate  does  not  unite  with 
earths  or  alkalis  in  the  dry  way  : its  calces  enter 
into  the  compofition  of  glafs.  In  general,  it  does 
not  aft  on  the  neutral  falts  by  fufion.  Nitre  de- 
tonates with  it  but  difficultly.  Filings  of  copper  are 
thrown  upon  red-hot  nitre ; and  the  refidue  is  a 
brownifh  grey  calx,  mixed,  and  partly  combined, 
with  vegetable  alkali.  If  this  be  wafhed  with  wa- 
ter, the  remaining  calx  may  be  fufed,  without  other 
addition,  into  a deep  opalce  brown  glafs,  ufed  by 
enamellers. 

Sal  ammoniac  is  decompofed  by  copper  filings. 
The  produce  which  comes  over  conlifls  of  cauftic 

volatile 
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volatile  alkali,  rendered  blue  by  a final!  portion  of  copper. 

copper,  together  with  alkaline  air,  inflammable  air,  Jjabitudes"of 

and  phlosifticated  air : the  refidue  conflfts  partly  of  C0PPer  with  ^ 
r c ...  ammoniac: 

marine  fait  of  copper  and  calx.  In  this  experiment 
we  find  that  the  copper  detains  the  acid ; while 
the  volatile  alkali,  being  fet  at  liberty,  comes  over 
into  the  receiver.  The  inflammable  and  phlogifti- 
cated  air  cannot  fo  clearly  be  accounted  for,  as  they 
may  arife  either  from  part  of  the  alkali  being  de~ 
compofed  into  its  firft  principles ; or  the  inflamma- 
ble air  may  be  fupplied  during  the  folution  of  the 
copper ; in  which  cafe  it  will  proceed  from  the  phlo- 
gifton  of  that  metal,  according  to  the  hypothefis  of 
Stahl ; or  from  a decompofition  of  part  of  the  water 
of  cryftallization  of  the  fal  ammoniac  5 the  pure  air 
of  which  will  be  communicated  to  the  copper,  in  or- 
der to  calcine  and  render  it  foluble  in  the  marine 
acid,  while  its  inflammable  air  comes  over  in  the 
elaftic  date, 

A folution  of  alum  boiled  in  a copper  veflel  de with  alum. 

pofits  fome  earth  •,  and  the  fluid  exhibits  figns  of  the 
prefence  of  copper  by  the  teft  of  volatile  alkali.  This 
does  not  feem  to  be  a perfedd  decompofition  of  the 
alum ; but  appears  to  be  effedbed  by  virtue  of  the 
acid,  which  that  fait  contains  in  excefs.  The  neutral 
fait  or  alum,  faturated  with  its  own  bafls,  falls  down, 
becaufe  lefs  foluble  ; while  the  excefs  of  acid,  forming 
vitriol  of  copper,  exhibits  the  blue  tinge  when  volatile 
alkali  is  added. 

Copper  unites  very  readily  with  fulphur.  If  copper  — with  fulphur. 
filings  be  mixed  with  flowers  of  fulphur  and  a little 
water,  the  combination  takes  place  i but  it  is  much 


more 
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COTPER. 


Combination  of 
copper  with 
fulphur: 


-> — with  phof- 
phorus. 


• — with  metallic 
fubltances. 


more  readily  effected  in  the  dry  way.  This  cannot  be 
done  by  direct  fufion,  becaufe  the  fulphur  is  burned  at 
a much  lefs  heat  than  is  required  to  fufe  the  copper. 
It  may  be  prepared  by  mixing  equal  parts  of  fulphur 
and  copper  filings  together,  and  expofmg  them  to 
heat,  gradually  raifed  to  ignition  : or  plates  of  copper 
may  be  ftratified  in  a crucible  with  fulphur,  and  gra- 
dually heated  as  before.  This  compound  is  a blackifh 
grey  mafs  ; and  is  ufed  by  dyers  and  c;allico  printers  : 
it  is  diftinguifhed  by  the  name  of  acs  veneris.  Liver 
of  fulphur  diffolves  copper  both  in  the  humid  and 
dry  way. 

Phofphorus  unites  with  the  calx  of  copper : or  if 
the  phofphorie  glafs  be  expofed  to  heat  in  a crucible, 
together  with  its  weight  of  copper  filings,  and  about 
i-  of  its  weight  of  charcoal,  the  phofphorus  which 
is  formed  combines  with  the  copper  into  a kind  of 
pyrites,  which  changes  by  expofure  to  air.  It  lofes 
its  metallic  ftate,  and  ailiimes  a black  colour. 

The  combinations  of  copper  with  the  metals  before 
treated  of  have  been  already  mentioned.  It  unites 
imperfectly  with  iron  in  the  way  of  fufion.  Tin  very 
readily  combines  with  copper  at  a temperature  much 
lower  than  is  neceffary  to  fufe  copper  alone.  On 
this  is  grounded  the  method  of  tinning  copper  veffels. 
For  this  purpofe,  they  are  firft  feraped,  or  fcoured  ; 
after  which  they  are  rubbed  with  fal  ammoniac. 
They  are  then  heated,  and  befprinkled  with  pow- 
dered refin,  which  defends  the  clean  furface  of  the 
copper  from  acquiring  the  flight  film  of  calx,  which 
would  prevent  the  adhefion  of  the  tin  to  its  furface. 
The  melted  tin  is  then  poured  in,  and  fpread  about. 

An 
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An  extremely  fmall quantity  adheres  to  the  copper*,  copper. 
which  may  with  great  juftice  be  fuppofed  infufficient  * 

to  prevent  the  noxious  effedls  of  the  copper  as  per- 
feftly  as  might  be  wifhed. 

When  tin  is  melted  with  copper,  it  compofes  the  Bronzes  an# 
compound  called  bronze.  In  this  metal  the  fpecific 
gravity  is  always  greater  than  would  be  deduced  by 
computation  from  the  quantities  and  fpecific  gravi- 
ties of  its  component  parts.  The  ufes  of  this  hard, 
fonorous,  and  durable  compofition,  in  the  fabrica- 
tion of  cannon,  bells,  ftatues,  and  other  articles, 
are  well  known.  Bronzes  and  bell-metals  are  not 
ufually  made  of  copper  and  tin  only,  but  have  other 
admixtures,  confiding  of  lead,  zinc,  or  arfenic,  ac- 
cording to  the  motives  of  profit,  or  other  induce- 
ments of  the  artift.  But  the  attention  of  the  phi- 
lofopher  is  more  particularly  directed  to  the  mixture 
of  copper  and  tin,  on  account  of  its  being  the  fub- 
itance  of  which  the  fpeculums  of  reflecting  telefcopes  MctaI  fpecu- 

„ lums. 

are  made.  The  metal  required  for  this  purpofe 
ought  to  be  capable  of  an  exquifite  polifh,  hard 
enough  to  receive  and  retain  a figure  accurately 
fuited  to  the  regular  reflection  of  light,  and  not 
fubject  to  become  tarnifhed  by  the  aCtion  of  the  at- 
mofphere.  Many  excellent  telefcopes  have  been  made 
with  compofitions  of  pure  copper,  alloyed  with  fome-  > 
what  lefs  than  half  its  weight  of  tin.  But  it  appears 
to  be  very  well  afeertained,  from  the  obfervatiens 
of  the  Aftronomer  Royal,  that  the  fpeculums  of  Mr. 

Edwards,  whole  compofition  was  the  refult  of  nu- 
merous trials,  are  much  fuperior  to  any  which  have 
yet  been  made ; and  are  even  equal  in  light  to  acro- 

matic 
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copper,  matic  telefcopes  of  the  fame  aperture,  without  alter-* 

Edwards’s  m/  *ng  ^e  c°I°urs  of  objedls.  He  firft  melts  32  parts 

thodof  making  0f  copper  as  fluid  as  poffible,  with  one  part  of  brafs 
fpeculums.  rr  , . . , , , 

and  one  of  filver,  together  with  the  black  flux;  at 

the  fame  time  that  fifteen  parts  of  tin  are  melted 
in  a feparate  crucible  by  itfelf.  Thefe  being  taken 
from  the  fire,  he  pours  the  tin  to  the  copper ; im- 
mediately ftirs  the  whole  together  with  a wooden 
fpatula,  and  pours  it  out  haftily  into  a large  quan- 
tity of  cold  water,  which  cools  and  granulates  the 
compofition.  If  the  tin  were  fufed  together  with 
the  copper,  or  if  they  ‘Were  to  remain  for  any  length 
of  time  in  the  extreme  heat  which  is  neceflary  to 
fufe  this  laft  metal,  a part  of  the  tin  would  be  cal- 
cined, and  the  metal  would  abound  more  or  lefs 
with  fmall  microfcopic  pores.  If  one  of  the  pieces 
of  the  cold  metal  be  broken,  it  will  appear  of  a 
mod  beautiful  bright  colour,  refembling  quickfilver, 
Mr.  Edwards  affirms,  that  different  kinds  of  copper 
require  different  dofes  of  tin  to  produce  the  moft 
perfedt  whitenefs.  If  the  dofe  of  tin  be  too  fmall, 
which  is  the  fault  moft  eafily  remedied,  the  com- 
pofition will  be  yellowifh ; if  it  be  too  great,  the 
compofition  will  be  of  a grey  blue  colour,  and  dull 
appearance.  He  therefore  finds  by  trial  the  quantity 
of  tin  neceflary  to  be  added  in  the  fecond  fuflon  to 
render  the  metal  the  moft  perfedl.  A much  lefs 
degree  of  heat  is  then  required  to  melt  the  com- 
pound. In  the  fecond  melting  he  adds  one  part  ol 
arfenic,  and  immediately  ftirs  the  mixture ; which 
he  pours  into  the  mould  as  foon  as  the  fumes  of 
the  arfenic  have  ccafed  to  rife.  He  calls  the  fpe- 
6 culum 
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culum  in  land,  with  the  face  downwards ; takes  it  copper. 
out  while  red-hot,  and  places  it  in  hot  wood  afhes 
to  cool ; without  which  precaution  it  would  break  in  ^re** 
cooling  *. 

Copper  unites  with  bifmuth,  and  forms  a reddifh 
white  alloy.  With  arfenic  it  forms  a white  brittle 
compound,  called  tombac.  With  zinc  it  forms  the 
compound  called  brafs,  and  diltinguifhed  by  various 
other  names,  according  to  the  proportions  of  the 
two  ingredients.  It  is  not  eafy  to  unite  thefe  two 
metals  in  confiderable  proportions  by  fulion,  becaufe 
the  zinc  is  burned  or  volatilized  at  a heat  inferior  to 
that  which  is  required  to  mek  copper ; but  they  unite 
very  well  in  the  way  of  cementation.  In  the  brafs 
works,  copper  is  granulated  by  pouring  it  through  a 
plate  of  iron,  perforated  with  fmall  holes  and  luted 
with  clay,  into  a quantity  of  water  about  four  feet 
deep,  and  continually  renewed:  to  prevent  the  dan- 
gerous explofions  of  this  metal,  it  is  neceffary  to  pour 
but  a fmall  quantity  at  a time.  There  are  various 
methods  of  combining  this  granulated  copper,  or  other 
fmall  pieces  of  copper,  with  the  vapour  of  zinc. 

Calamine,  which  is  an  ore  of  zinc,  is  pounded,  and 

As  the  conftru£lion  of  telefcopes  is  foreign  to  the  immediate 
purpofe  of  this  work,  it  has  not  been  thought  neceifary  to  men- 
tion the  feveral  precautions  of  Mr.  Edwards  in  this  bufinefs': 
but  the  curious  operator,  who  may  wifh  to  undertake  the  con'-, 
ftrudtion  of  a refle&ing  telefcope  (the  better  kinds  of  which 
arc  not  only  difficult  to  be  procured,  but  of  confiderable  price), 
may  have  recourfe  to  Edwards’s  Treatife,  annexed  to  the  Nau- 
tical Almanack  for  1787  } where  he  will  find  ample  inftruftions 
for  that  purpofe. 
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Leaf  brafs,  or 
Dutch  gold. 


mixed  with  the  divided  copper,  together  with  A 
portion  of  charcoal.  Thefe  being  expofed  to  the 
heat  of  a wind  furnace,  the  zinc  becomes  revived, 
rifes  in  vapour,  and  combines  with  the  copper, 
which  it  converts  into  brafs.  The  heat  mull  be 
continued  for  a greater  or  lefs  number  of  hours, 
according  to  the  thicknefs  of  the  pieces  of  copper, 
and  other  circumftances ; and  at  the  end  of  the  pro- 
cefs  the  heat,  being  fuddeniy  raifed,  cau.fes  the  brafs 
to  melt,  and  occupy  the  lower  part  of  the  crucible. 
The  moll  fcientific  method  of  making  brafs  feems 
to  be  that  mentioned  by  Cramer  *.  The  powdered 
calamine,  being  mixed  with  an  equal  quantity  of 
charcoal,  and  a portion  of  clay,  is  to  be  rammed 
into  a melting  vefiel ; arid  a quantity  of  copper, 
amounting  to  two  thirds  of  the  weight  of  the  cala- 
mine, mull  be  placed  on  the  top,  and  covered  with 
charcoal.  By  this  management  the  volatile  zinc 
afeends,  and  converts  the  copper  into  brafs,  which 
flows  upon  the  rammed  clay  : corifequently,  if  the 
calamine  contain/  lead,  or  any  other  metal,  it  will 
not  enter  into  the  brafs,  the  zinc  alone  being  raifed 
by  the  heat. 

A line  kind  of  brafs,  which  is  fuppofed  to  be  made 
by  cementation  of  copper  plates  with  calamine,  is 
hammered  out  into  leaves  in  Germany ; and  is  fold 
very  cheap  in  this  country,  under  the  name  of  Dutch 
gold.  It  is,  as  I find,  about  five  times  as  thick  as 
gold  leaf ; that  is  to  fay,  it  is  about  one  fixty-thou^ 
fandth  of  an  inch  thick. 


* Art  of  Aflaying  Metals.  London,  1764.  Page  377. 
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If  brafs  be  kept  in  a ftate  of  ignition,  with  contadl  ^ copper. 

of  air,  the  zinc  burns*  and  the  copper  remains. 

Whether  the  zinc  would  quit  the  brafs- without  com-  Metallic  mix-. 

A tures, 

bullion,  is  not  known ; though  there  is  little  doubt 
but  it  might  be  driven  off  in  clofe  veffels. 

The  quantity  bf  zinc  in  good  brafs  is  about  one 
third  of  its  weight. 

Copper  unites  readily  with  reguluS  of  antimony ; 
and  affords  a compound  of  a beautiful  violet  colour; 

It  does  not  readily  unite  with  manganefe.  With 
wolfram  it  forms  a dark  brown  fpongy  alloy,  which 
is  fomewhat  dudlile. 

Copper  is  either  found  native,  moflrly  in  art  im-  Native  copper* 

rr  and  its  ores. 

pure  ftate ; or  in  the  form  of  a calx,  of  a red, 
green,  or  blue  colour.  The  native  folutioris  of  cop- 
per frequently  impregnate  calcareous  earths,  in  which 
they  depofit  the  metal.  The  turquoife  ftone  is  the 
tooth  of  an  animal,  penetrated  with  the  blue  calx  of 
copper.  Many  ores  of  copper  contain  fulphur. 

Among  thefe,  the  vitreous  copper  ore  is  of  a red, 
brown,  blue,  or  violet  colour ; fometimes  cryftal- 
lized,  but  ufually  foft  enough  to  be  cut  with  a knife. 

Some  of  the  pyrites  contain  a confiderable  propor- 
tion of  copper,  together  with  iron,  fulphur,  and 
clay.  The  grey  copper  ore  is  a fulphureous  com- 
bination, containing  arfenic : it  is  of  a white,  grey, 
or  brown  colour,  heavy,  and  difficult  of  fiifion. 

Blendofe  copper  ore  is  of  a brown  colour,  hard, 
folid,  compadl,  and  granulated  : it  contains  the  me- 
tal, with  fulphur,  arfenic,  zinc,  and  iron.  Some 
Hates,  and  one  fpecies  of  coal,  afford  copper;  and 
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Aflay  of  native 
copper : 


— of  calcifbrm 
ores : 


— of  fulphure- 
ous  ores ; 


— in  the  dry 
way. 


feveral  waters  contain  this  metal,  diflolved  in  vitriolic 
or  marine  acid. 

Native  copper  may  be  afTayed  in  the  humid  war 
by  folution  in  nitrous  acid.  If  it  contain  gold,  this 
metal  falls  untouched  to  the  bottom,  in  the  form  of 
a black  powder ; if  filver,-  it  is  foon  precipitated 
by  more  copper  ; if  iron,  by  boiling  the  folution  for 
fome  time,  it  is  gradually  calcined,  and  falls  to  the 
bottom. 

The  calciform  copper  ores  are  foluble  in  acids,  and 
may  be  precipitated  either  by  iron,  which  affords  the 
copper  in  the  metallic  ftate ; or  by  "mild  alkali,  which 
throws  down  194  grains  of  precipitate  for  every  100 
grains  of  copper. 

Sulphureous  copper  ores  may  be  powdered,  and 
gently  boiled  to  drynefs  in  five  times  their  weight 
of  concentrated  vitriolic  acid.  The  whole,  or  moft 
part  of  the  fulphur,  flies  off  by  this  heat.  The- 
vitriolic  fait  of  copper  requires  at  leafl:  four  times 
its  weight  of  Water  to  difiolve  it.  A fufficient  quan- 
tity being  therefore  added,,  and  a polifhed  iron  plate 
boiled  in  the  folution,  the  copper  will  be  precipi- 
tated. If  iron  be  found  to  be  mixed  with  the  pre- 
cipitate, it  muft  be  again  diflolved,  to  obtain  a richer 
folution.  This  will  depofit  pure  copper,  if  the  ope- 
ration be  conduced  as  before.  If  it  contain  other 
metals,  they  may  be  eafily  feparated  by  folution  in 
nitrous  acid.  - 

In  the  dry  way,  the  fulphureous  ores  of  copper 
muft;  be  firfl  pulverized,  and  feparated  as  much  as 
poflible  from  the  earthy  and  flony  particles  ; then 

roafted. 
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roafted,  to  feparate  the  fulphur  and  arfenic ; and,  copper. 
laftly,  melted  with  an  equal  weight  of  M.  Tibet’s  ' v * 
(lux,  which  confifts  of  two  parts  of  pounded  glafs, 
one  calcined  borax,  and  of  charcoal.  More  borax 
may  be  added  if  the  ore  be  poor.  Alkaline  fluxes  are 
hurtful  in  the  fufion  of  copper  ores,  becaufe  the  fait 
combines  with  the  fulphur,  and  forms  hepar,  which 
difl'olves  part  of  the  copper. 

In  the  large  way,  copper  is  roafted  in  a clofe  fur-  Treatment  of 

0 J 1 1 ^ copper  ores  in 

nace,  by  a flow  fire,  to  fcorify  the  mixtures  of  iron,  the  large  way. 
and  other  fubftances.  By  repeated  fufions  with  ful- 
phur and  charcoal,  the  fcorified  metal  rifes  to  the  top, 
and  is  fcummed  off.  The  copper  in  the  great  Hun- 
garian mines  is  faid  to  undergo  fufion  fourteen  times 
before  it  is  fit  for  fale.  The  roafted  ore  in  the  ifle 
of  Anglefey  is  deprived  of  its  vitriolic  fait  by  wafli- 
ing ; and  the  copper  is  precipitated  by  means  of  old 
iron  immerfed  in  the  water.  This  precipitated  cop- 
per is,  however,  but  a fmall  proportion  of  the  whole 
produce. 

Copper  is  found  in  various  parts  of  the  world  ; in  Countries  where 

copper  is  found. 

Spain,  France,  England,  Norway,  Hungary,  Swe- 
den, and  elfewhere.  The  Japan  copper  is  faid  to  be 
purer,  and  has  a greater  fpecific  gravity,  than  any 
other  copper.  The  wire-drawers,  who  require  cop- 
per of  extraordinary  ductility,  ufe  the  Swedifh  cop- 
per. The  copper  mines  in  England  are  exceedingly 
numerous  and  produdtive.  Paris  mountain,  on  the 
ifle  of  Anglefey,’  contains  a bed  of  ore  forty  feet 
in  thicknefs  \ and  is  faid  to  produce  upwards  of  four 
thoufand  tons  of  copper  annually. 
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copp£r.  The  ufes  of  this  metal  are  too  numerous  to  be 


ing  the  bottoms  of  fliips  ; and  feveral  builders  have 
lately  endeavoured  to  introduce  it  as  a covering  for 
houfes.  It  is  the  lighted;  of  all  coverings  •,  but  whe- 
ther it  be  more  durable  than  date,  which  is  nearly  as 
light,  has  not  yet  been  afcertained  by  experience. 


' 

, * 


Coppe [-'applied  diftin&ly  fpecified.  It  has  for  fome  years  pad  been 
to  various  ufes.  applied  with  great  fuccefs  and  advantage,  for  {heath- 


Copper  applied 
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CHAP.  VII. 


CONCERNING  IRON. 


IRON. 


TRON  is  a metal  of  a blueifh  white  colour,  of  con- 

fiderable  hardnefs  and  eladidty  j very  malleable,  chl^a^Tof 
exceedingly  tenacious  and  dudlile,  and  of  a moderate 
fpecific  gravity  among  metallic  fubdances.  It  is  much 
difpofed  to  rud  by  the  accefs  of  air,  or  the  a&ion  of 
water,  in  the  common  temperature  of  the  atmofphere. 

The  appearance  of  prifmatic  colours  on  its  polifhed 
furface  takes  place  long  before  ignition  j and  at  fo 
low  a temperature,  that  the  flighted  coating  of  greafe 
is  fulhcient  to  prevent  their  appearance,  by  defending 
it  from  the  contact  of  air.  It  may  be  ignited,  or 
at  lead  rendered  fufliciently  hot  to  fet  fire  to  brim- 
: done,  by  a quick  fucceffion  of  blows  with  a hammer. 

When  druck  with  a flint,  or  other  hard  done,  it 
c emits  decrepitating  ignited  particles,  fuch  as  can  be 
c obtained  from  no  other  metal  by  the  fame  means. 

;Thefe  particles  are  feldom  larger  than  the  two 
hundredth  part  of  an  inch  in  diameter 5 and,  when 
k examined  by  a magnifier,  are  found  to  be  hollow, 

1 brittle,  and  of  a greyiffi  colour,  refembling  the  fcales 
of  burned  iron.  This  metal  is  eafily  calcined  by  fire. 

.A  piece  of  iron  wire,  immerfed  in  a jar  of  vital  air, 
being  ignited  at  one  end,  will  be  entirely  confumed 
ay  the  fucceffive  combudion  of  its  parts.  It  requires 
1 mod  intenfe  heat  to  fufe  it ; on  which  account  it 
'an  only  be  brought  into  the  fhape  of  tools  and  uten- 
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fils  by  hammering.  This  high  degree  of  infufibility 
would  deprive  it  of  the  moil  valuable  property  of 
metals,  namely,  the  uniting  of  fmaller  maffes  into 
one,  if  it  did  not  pofl'efs  another  fingular  and  advan- 
tageous property,  which  is  found  in  no  other  metal 
except  platina ; namely,  that  of  welding.  In  a white 
heat  iron  appears  as  if  covered  with  a kind  of  var- 
nifh  -,  and  in  this  ftate,  if  two  pieces  be  applied  toge- 
ther, they  will  adhere,  and  may  be  perfectly  unite4 
by  forging.  Iron  is  thought  to  be  the  only  fubftance 
in  nature  which  has  the„  property  of  becoming  mag- 
netical.  It  is  highly  probable,  from  the  great  abun- 
dance of  this  metal,  that  all  fubftances  which  exhibit 
magnetifm  do  contain  iron ; but  it  muft  be  con- 
fefled  that  there  remain  many  experiments  to  be  made 
among  the  earths  and  powders  which  exhibit  mag- 
netical  properties,  before  this  negative  propofition, 
which  confines  magnetifm  to  iron,  can  be  admitted 
as  proved. 

Calcination  of  When  iron  is  expofed  to  the  a£lion  of  pure  water, 
y WdtC1’  it  acquires  weight  by  gradual  calcination,  and  in- 
flammable air  efcapes : this  is  a very  flow  opera- 
tion. But  if  the  fteam  of  water  be  made  to  pafs 
through  a red-hot  gun-barrel,  or  through  an  ignited 
copper  or  glafs  .tube  containing  iron  wire,  the  iron 
becomes  converted  into  a calx ; while  inflammable 
air  pafies  out  at  the  other  end  of  the  barrel.  This 
capital  experiment  * may  be  accounted  for  according 
Ancient  theory,  to  the  ancient  and  modern  theories.  In  the  ancient 
theory,  it  is  fuppofed  that  the  water  has  combined 
with  the  iron,  and  difengaged  its  phlogifton  in  the 
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£orm  of  inflammable  air ; and  confequently  that,  iros. 


of  it  in  inflammable  air  with  a burning  glafs,  and  iron  by  water. 

water  appears,  at  the  fame  time  that  part  of  the 

inflammable  air  is  abl orbed,  the  iron  has  imbibed 

phlogifton,  and  given  out  its  water.  Clear  as  this 

explanation  appears  to  be,  the  folution  afforded  by 

the  modern  theory  is  not  lefs  perfpicuous.  The  Modern  theory. 

maintainers  of  this  theory  reafon  as  follows : Iron  has 

not  been  fhewn  to  be  a compound  fubftance  •,  let  us 

therefore  confider  it  as  a Ample  fubftance,  until  we 

poffefs  experiments  which  fhew  the  contrary.  Water 

has  been  fhewn  to  be  a compound  fubftance,  by  the  See  page  95. 

experiment  of  its  .production,  by  burning  dephlogiftl- 

cated  and  inflammable  air  together.  We  may  fairly 

therefore  affirm,  that  the  inflammable  air  came  from 

the  water,  in  which  we  know  it  to  exift  • and  that 

the  vital  air  of  the  water,  the  peculiar  inftrument  of.page93.  13 1. 

calcination,  has  combined  with  the  iron.  On  the 

other  hand,  when  the  iron  is  revived  in  inflammable 

air,  the  water  which  appears  is  the  very  product  of 

combination  which  was  decompofed  in  the  former 

inftance.  For  the  vital  air  quits  the  iron  to  unite 

in  the  fluid  ftate  with  the  inflammable  air  *,  and  the 

iron,  being  fet  at  liberty,  recovers  its  original  ftate  ^ 

that  is  to  fay,  it  is  revived. 

That  the  iron,  in  the  one  inftance,  attracts  vital  Difficulty.  , 
air  from  the  water,  and  difengages  inflammable  air ; 
and,  in  the  other  inftance,  exhibits  a lefs  affinity  with 
that  fubftance,  fo  as  to  reftore  it  to  its  former  com- 
bination ; is  a difficulty  which,  in  the  prefent  ftate  of 
pur  information,  can  only  be  accounted  for  by  fup- 


when  this  calx  is  again  revived  by  heating  a portion 
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iron.  pofing,  that  the  temperature  in  the  furnace  differs 
from  that  produced  by  the  burning  glafs  ; and  that 
iron  by  water,  thefe  affinities,  like  moft  others  in  chemiftry,  are 
not  the  fame  at  all  temperatures.  This  difficulty 
affedls  both  theories  alike ; for  it  is  not  eafier  to 
account  for  the  contrary  tranfitions  of  water  and 
Theory.  phlogifton,  which  mutually  expel  each  other  in  the 
old  theory,  * than  for  the  tranfitions  of  dephlogifti* 
cated  and  inflammable  air  in  the  new  theory. 

The  philofophers  who  rejedt  phlogifton  infift,  more-r 
over,  that  the  weight  of  the  inflammable  air  pro^ 
duced,  being  dedudled  from  the  weight  of  the  water 
made  ufe  of,  leaves  a quantity  equal  to  the  increafe 
the  iron  gains  by  calcination  ; and  that  by  burning 
the  whole  inflammable  air  produced,  with  a quantity 
of  vital  air  equal  in  weight  to  the  gain  of  the  iron,  a 
new  quantity  of  water  is  recompofed,  which  is  equal 
likewife  to  that  made  ufe  of.  Hence  they  urge,  that 
it  is  infinitely  more  probable  that  the  inflammable 
air  came  from  the  water  than  from  the  iron.  The 
latter  fa£f,  of  the  recompofition,  is  in  their  favour ; 
but  the  former  is  not.  For  whatever  the  inflamma- 
ble air  comes  from,  the  firft  equation  will  be  true ; 
that  is  to  fay,  if  the  iron  give  out  phlogifton,  and 
receive  water,  its  acceffion  of  weight  will  be  equal 
to  the  difference  between  the  water  it  has  received, 
and  the  phlogifton  it  has  loft ; but  the  reproduction 
of  the  water  loft  will  fhew  that  the  inflammable  air 
really  correfponds  with  the  quantity  required  to  form* 

fo 

* It  may  be  urged  that  the  two  airs  contain  much  water; 
and  for  that,  as  well  as  other  reafons,  their  abfolute  quantities 

cannot 
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fo  much  water,  if  we  admit  the  accuracy  of  the  iron. 
experiments.  V v 

The  concentrated  vitriolic  acid  fcarcely  a£fs  on  Solution  of  iron 
iron,  unlefs  it  be  boiling.  When  the  acid  is  difkilled acidlC 
lo  drynefs  from  this  metal,  the  retort  is  found  to  con-  \ 

lain  fublimed  flowers  of  fulphur,  and  a white  vitriolic 
mafs,  partly  foluble  in  water : the  produdf  which 
;omes  over  is  volatile  vitriolic  acid,  and  vitriolic  acid 
lir.  If  the  vitriolic  acid  be  diluted  with  two  or  three 
parts  of  water,  it  diflolves  iron  readily,  without  the 
ifliltance  of  any  other  heat  than  ig  produced  by  the  a£f 
■3f  combination.  During  this  folution,  inflammable 
lir  efcapes  in  large  quantities.  If  heat  be  applied, 

:he  acid  proceeds  to  diflolve  more  iron,  and  depohts 
1 1 white  faline  mafs,  or  pale  vitriol  of  iron. 

The  combination  of  vitriolic  acid  and  iron,  called  Martial  vitriol, 
nartial  vitriol,  is  much  more  foluble  in  hot  than  cold 
water  j and  therefore  cryftallizes  by  cooling,  as  well 
is  by  evaporation.  The  cryftals  are  efflorefcent,  and 

:annot  be  afcertained.  But  it  is  not  required  to  afceptain  their 
ibfolute  quantities  : for  it  is  enough  if  the  two  airs  in  this 
1 ecompofition  be  exaftly  in  the  fame  ftate  as  in  the  original 
experiment,  by  which  the  component  parts  of  water  were  deter- 
mined. If  a certain  portion  of  water  be  neceflary  to  inflamma- 
ble air  in  the  elaftic  ftate,  it  mull  of  courfe  take  it  from  the  fleam 
n the  gun-barrel  at  the  inftant  of  it's  extrication,  and  not  after- 
wards from  the  water  of  the  receivers:  this  requires  to  be 

H:onfirmed  by  an  experiment  over  mercury.  How  far  Dr.  Prieft- 
cy’s  experiments  (Phil.  Tranf.  lxxviii.  and  lxxix.)  may  affeft 
he  petition,  that  water  is  a compound  fubftance,  cannot  be  clearly 
ifeertained  until  it  is  Ihewn  that  the  acid  produced  in  burning 
| the  two  airs  does  not  arife  from  impurity  in  one  or  both  of 
hem.  See  page  95. 
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IR.ON,  fall  mto  a white  powder  by  expofure  to  a dry  air,  the 
Martial  vitriol.  iron  becoming  more  calcined  than  before.  A folution 
of  martial  vitriol,  expofed  to  the  air,  imbibes  its  vital 
part;  and  a portion  of  the  iron,  becoming  too  much  cal- 
cined to  adhere  to  the  acid,  falls  to  the  bottom  in  the 
form  of  ochre.  The  folution,  as  well  as  the  cryftals 
it  affords  by  evaporation,  are  thus  rendered  paler  than 
before. 

Page  140,  Martial  vitriol  is  not  made  in  the  direct  way,  be-, 
caufe  it  can  be  obtained  at  lei's  charge  from  the  de- 
compofition  of  martial  pyrites, 

If ^^erent  appearances  which  accompany  the 
acid  upon  iron;  folutions  of  iron  in  the  vitriolic  acid,  may  be  account 

according  to  the  . r . . , . , r 1 

doftrineofphlo>  ed  tor  according  to  the  principles  either  of  the  an- 
gifton.  cient  or  modern  theories.  In  the  ancient  theory,  iron 

being  fuppofed  to  contain  phlogifton,  or  the  principle 
of  inflammability,  is  calcined  in  both  cafes  ; that  is. 
to  fay,  it  gives  out  phlogifton  *.  With  the  concern, 
trated  acid  the  folution  does  not  take  place ; becaufe 
the  capacity  of  the  mixture  for  heat,  and  confequently 
its  abfolute  quantity  of  heat,  is  too  fmall  to  fupply  what 
the  increafed  capacity  of  the  vitriolic  acid  air  would 
require,  and  confequently  the  iron  is  not  decompofed, 
But  when  heat  is  applied,  the  phlogifton  of  the  iron, 
uniting  with  the  bafts  of  part  of  the  acid,  forms  ful- 
phur  ; which,  together  with  another  portion  of  the 
acid,  rifes  in  the  form  of  vitriolic  acid  air ; at  the 
fame  time  that  the  vital  air  of  the  decompofed  acid 
unites  with  the  calx  of  iron,  which  becomes  foluble 

* Kir  wan,  in  Philof.  Tranfatt.  vol.  lxxii;  and  EfTay  on 
Phlogifton,  London,  1789,  page  6z,  or  page  28  of  the  old 
edition. 

in 
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jn  the  acid  that  remains:  but  when  much  water  is  iron. 
prefent,  as  in  the  diluted  acid,  the  heat  is  fupplied 
from  the  great  capacity  of  the  water  ; the  phlogifton 
of  the  iron  affuraes  the  elaftic  form  ; and  inflamma- 
ble air  flies  ofl,  while  the  acid  unites  with  the  calx 
of  iron,  and  forms  vitriol.  The  decompofition  of  the 
acid  in  the  former,  and  not  in  the  latter  cafe,  is  ac- 
counted for  from  its  ftrong  attraction  to  the  water. 

A confiderable  heat,  applied  with  the  diluted  acid, 
calcines  the  iron  more  perfectly ; which  then  either 
enters  into  the  compofition  of  pale  vitriol,  containing 
p larger  proportion  of  acid,  or  falls  down  in  the  form 
of  calx.  The  accefs  of  air  does  the  fame  thing  more 
gradually. 

In  the  antiphlogiftic  theory,  iron  is  aflumed  to  be  a — according  to 
Ample  fubftance  •,  vitriolic  acid  is  faid  to  be  compofed  doftrine^102  ^^ 
of  vital  air  and  fulphur ; and  water  is  admitted  to  be 
decompofable.  When  iron  therefore  is  applied  to 
concentrated  vitriolic  acid,  the  principles  retain  their 
order  of  combination  at  a common  temperature  ; but 
as  foon  as  the  temperature  is  raifed,  the  iron  becomes 
calcined,  by  attracting  vital  air  from  part  of  the  acid, 
whofe  fulphur  is  therefore  fet  at  liberty,  and  flies 
pfF  with  another  portion  of  the  acid,  in  the  form  qf 
vitriolic  air ; while  the  remaining  acid  combines  with 
part  of  the  calx.  But  when  the  acid  is  more  diluted, 
the  water  itfelf  is  decompofed  j its  inflammable  air  is 
difengaged  ; its  vital  air  unites  with  and  calcines  the 
iron  y and  the  vitriolic  acid  diflolves  the  calx. 

rI  he  neceflity  of  heat  being  applied  to  the  concen- 
trated folution  in  the  one  cafe  rather  than  the  other, 

(nay  be  referred  to  the  capacities  of  the  bodies,  before 

and 
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iron.  and  after  the  change,  in  either  theory.  But  it  mud  be 
Theoryof  th/  confefled  that  the  caufe  of  the  difengagement  of  vitri- 

aftion  of  vitri-  0lic  air  the  one  cafe,  and  inflammable  in  the  other, 
•lie  acid  on  iron.  . _ . . 

is  not  fo  well  folved.  it  has  not  been  explained,  upon 

the  old  theory,  why  the  phlogifton  in  one  cafe  unites 

with  the  acid,  and  forms  fulphur,  and  in  the  other  flies 

off  alone ; neither  has  it  been  ihewn,  in  the  new 

theory,  why  the  water  fhould  not  be  decompofed  in 

the  former  inftance,  as  well  as  the  latter. 

The  further  calcination  of  the  iron  by  heat,  or  by 
expofure  of  the  folution  to  the  air,  is  accounted  for, 
in  the  new  theory,  from  the  abforption  of  more  vital 
air.  The  general  fa£t,  that  a definite  degree  of  cal- 
cination is  neceflary  for  the  moft  perfect  folution  of 
metals  in  acids,  depends  on  attrattions  which  have 
not  been  experimentally  refolved  *,  but  which,  in  the 
way  of  conjecture,  may  be  as  eafily  accounted  for  by 
one  theory  as  by  the  other. 

Vitriol  of  iron  is  decompofed  by  alkalis  and  by 
lime.  Cauftic  fixed  alkali  precipitates  the  iron  in  deep 
green  flocks,  which  are  diiTolved  by  the  addition  of 
more  alkali,  and  form  a red  tinCture.  The  mild 
alkali  does  not  rediflolve  the  precipitate  it  throws 
down,  which  is  of  a green ifh  white  colour.  Diftilla- 
tion  feparates  the  acid  from  martial  vitriol,  and  leaves 
the  brown  calx  of  iron,  called  colcothar. 

Vegetable  aftringent  matters,  fuch  as  nut-galls,  the 
hulks  of  nuts,  logwood,  tea,  &c.  which  contain  the 
acid  of  galls  hereafter  to  be  deferibed,  precipitate  a 
fine  black  fecula  from  martial  vitriol,  which  remains 
fufpended  for  a confiderable  time  in  the  fluid,  by  the 
addition  of  gum  arable.  This  fluid  is  well  known  by 

the 
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he  name  of  ink.  It  appears  to  confift  of  the  acid  of  ikov. 
falls,  united  to  the  calx  of  iron  : but  its  nature  has  Ink . 
ot  been  well  determined;  more  efpecially  by  an  ex-doubtful 
initiation  of  the  contents  of  the  fluid  which  remains 
fter  the  precipitate  has  been  completely  depofited. 

The  black  fecula  is  not  magnetical ; but  it  is  con- 
erted  into  a brown  magnetic  calx  by  heat.  An  ex- 
efs  of  either  of  the  three  ancient  mineral  acids  ren- 
ers  ink  colourlefs  ; but  the  acetous  acid,  or  vinegar, 
oes  not.  Ink  becomes  blacker  by  expofure  to  the 
ir,  which  acidifies  more  completely  the  principle 
nmbined  with  the  iron ; but  ancient  writings  become 
tore  and  more  yellow,  in  confequence  of  the  efcape 
f the  acid*.  Their  legibility  may  be  reftored  by  the  ' 
ddition  of  infufion  of  galls,  or  gallic  acid.  The  bed 
lethod  of  reftoring  the  legibility  of  ancient  writ- 


V'" 

its  nature 


* Inks  feem  to  fail  chiefly  on  account  of  the  fmall  proportion 
id  deftru&ibility  of  the  aftringent  principle,  or  gallic  acid.  Dr. 

. ewis  recommends  the  following  receipt  for  writing-ink  (Com- 
:erce  of  Arts,  page  391):  One  part  martial  vitriol,  one  part 
iwdcred  logwood,  and  three  parts  powdered  galls,  are  to  be 
: fufed  in  one  quart  of  vinegar,  or  white  wine,  or  water,  for 
-.ch  ounce  of  the  vitriol,  together  with  one  ounce  of  gum  ara- 
: c for  each  quart  of  the  liquor;  and  fhaken  for  four  or  five 
; nes  a day,  during  ten  or  twelve  days  : after  which  it  may  be 
; xanted  for  ufe. 

On  the  above  I mull  remark,  that  though  vinegar  affords  a good 
ack  ink,  yet  Dr.  Lewis  has  overlooked  a great  inconvenience 
tending  its  ufe.  It  a£ts  fo  ftrongly  upon  the  quills,  that  the 
arpnefs  of  the  extremity  of  a pen  ufed  with  this  ink  foon 
>cs  off,  and  continually  wants  mending.  A perfeft  theory  of 
k would  probably  lead  to  great  improvements  in  this  moft 
eful  fluid. 
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iron.  ings  * confifts  in  fpreading  a folution  of  the  Pruffiad 
Manufafture  of  alkali  thinly  with  a feather  over  the  traces  of  the 
Pruffian  blue,  letters ; and  then  to  touch  it  gently,  and  as  nearly 
upon  or  over  the  letters  as  can  be  done,  with  a diluted ! 
acid,  by  means  of  a pointed  flick. 

The  beautiful  pigment,  well  known  in  the  arts  by 
the  name  of  Pruffian  blue,  is  likewife  a precipitate  i 
afforded  by  martial  vitriol.  It  has  been  made  for  con-< 
fiderably  more  than  half  a century;  but  its  compo-1 
fiti'on  is  not  yet  clearly  afcertained.  The  procefs  for' ' 
making  it  is  as  follows  : Calcine  a mixture  of  equal;  ji 
parts  of  vegetable  alkali  and  dried  bullocks  blood,  ; 
until  it  ceafes  to  emit  either  flame  or  fmoke  ; thertt  b 
raife  the  fire,  to  give  the  mafs  a low  red  heat..; 
Throw  the  matter  while  red-hot  into  as  many  quarts) ; 
of  water  as  there  were  pounds  of  the  original  mixture, 
and  boil  it  for  half  an  hour.  Decant  the  liquid,  and  i f 
wafh  the  coaly  refidue  with  more  water,  till  it  comes  offf  j 
almoft  infipid.  Add  this  water  to  the  former,  and!  r 
evaporate  the  whole  by  boiling,  until  it  be  reduced!  I 
again  to  the  former  number  of  quarts.  This  is  the!  j 
PruiTian  alkali,  lixivium  fanguinis,  or  Pruffian  alkali ; which,  if  added!  ! 

in  a proper  quantity  to  a folution  of  iron,  precipitates!  '1 
it  partly  in  the  form  of  calx,  and  partly  in  the  form! 
of  Pruffian  blue.  If  the  marine  acid  be  added  to  the  j 
precipitate,  it  diffolves  the  calciform  part,  and  leavesi 
the  Pruffian  blue  much  purer.  Hence  it  appears  that| 
the  whole  of  the  alkali,  in  the  ufual  method  of  cal- 
cination with  bullocks  blood,  or  other  animal  fub-< 
fiances,  is  not  faturated  with  the  colouring  matter,  but! 

* Blagden,  in  Philof.  Tranf.  vol.  lxxv.  page  455. 
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ihat  the  urrfaturated  part  of  the  alkali  precipitates  part  iro>j. 

>f  the  iron  in  the  calciform  date ; while  the  other  V v * 
>art,  combining  with  the  colouring  matter,  falls  down 
n the  form  of  Pruffian  blue.  For  chemical  purpofes,  Pruffian  alkali 

.....  . .,  made  tor  cheini- 

iie  Pruffian  lye  is  produced,  by  boiling  the  alkali  upon  cai  pUipQfes. 

■’ruffian  blue  ready  formed.  The  calx  of  iron  is  thus 

leprived  of  the  colouring  matter  by  the  alkali,  to 

rhich  it  has  a greater  affinity,  and  which  it  only  quits 

•/hen  there  is  another  acid  prefent  to  unite  with  the 

Ikali ; as  in  the  j ufl -mentioned  inflance  of  the  folu- 

ion  of  iron,  where  a double  affinity  takes  place.  The 

'ruffian  alkali,  prepared  in  either  M'ay,  contains  fome 

-on.  It  . can  be  had  pure  in  no  other  way  than  by 

ireftly  combining  the  pure  colouring  matter  with  a 

ure  alkali. 

The  habitudes  of  this  colouring  matter  denote  it  Acid  of  Pruffian 
3 be  an  acid.  If  the  Pruffian  alkali  be  boiled  in  a blue* 

;tort  with  weak  vitriolic  acid,  the  colouring  matter 
omes  over  in  the  form  of  an  inflammable  air,  which 
dll  be  abforbed  by  water  placed  in  the  receiver, 
cs  a portion  of  vitriolic  acid  likewife  comes  over,  a 
:cond  diftilfation  is  neceffary  to  be  made,  with  the 
ddition  of  chalk.  The  vitriolic  acid,  by  this  means 
rrming  felenite,  is  detained  ; while  the  Pruffian  acid 
affes  over  totally  before  one-fourth  of  the  water  is 
iftilled  off. 

The  colouring  matter  of  Pruffian  blue  is  not  only  Combinations  of 
iized  by  the  fixed  alkalis,  but  likewife  by  the  volatile  Pruffian  acid- 
Ikali,  by  lime,  by  magnefia,  and  by  ponderous  earth  ; 
dth  which  it  forms  peculiar  compounds,  capable  of 
recipitating  Pruffian  blue,  by  double  affinity,  from  the 
ffutions  of  iron  in  acids.  Various  metals  likewife 
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combine  with  It.  Alkalis,  or  lime,  combined  with 

»•  * 

Caution  in  ufing  tIie  Pniffian  acid,  are  ilfed  as  tefts  to  afceftain  the 
proof  liquors,  prefence  and  quantity  of  iron  in  folution.  But  all 
the  alkaline  or  earthy  combinations,  produced  by  ap- 
plying thofe  fubftances  to  Pruflian  blue,  contain  iron, 
which  falls  down  in  the  form  of  the  blue  precipitate 
when  an  acid  is  added.  For  this  reafon  they  cannot 
be  ufed  in  accurate  experiments,  unlefs  a previous 
trial  ha3  been  made  of  the  quantity  a known  propor- 
tion of  the  proof  liquor  is  capable  of  precipitating. 

If  the  dephlogifticated  or  aerated  marine  acid  be 
mixed  with  the  Pruflian  acid,  the  former  refumes 
the  (late  of  common  marine  acid ; while  the  latter 
acquires  a much  ftronger  fmell,  and  appears  to  be 
more  volatile.  In  this  fituation  it  does  hot  form 
Pruflian  blue  with  the  folutions  of  iron ; but  affords 
a green  precipitate,  which  becomes  blue  by  expofure 
to  the  light,  or  by  the  addition  of  volatile  vitriolic 
acid. 

If  martial  vitriol  be  added  to  the  dephlogifticated 
Or  aerated  marine  acid,  and  a folution  of  Pruflian 
alkali  be  poured  in,  the  green  precipitate  which  is 
formed  is  again  diflolved  ; but  it  may  be  precipitated 
of  a blue  colour  by  the  addition  of  volatile  vitriolic 
acid,' or  martial  vitriol,  or  iron  alone. 

In  the  inftances  laft  mentioned  we  may  perceive 
that  the  effe£ts  depend  on  the  dephlogiftication  or  ad- 
dition of  vital  air  to  the  Prufhan  acid,  accordingly 
as  we  adopt  the  ancient  or  the  modern  theory.  The 
green  precipitate,  which  may  be  confidered  either 
as  dephlogifticated  Pruflian  blue,  or  as  Pruflian  blue 
combined  with  vital  air,  becomes  common  Pruflian  : 

blue 
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Hue  by  the  aElion  of  light ; which,  as  we  have  fre- 
quently had  occafion  to  remark,  operates  in  many  p^c  i6g> 
inftances  in  a manner  contrary  to  that  of  combuf-  17^- 
tion ; that  is  to  fay$  it  either  adds  phlogifton,  or  ex- 
pels vital  air,  or  does  both.  By  this  aftion  there-  Theory  of  the 
fore  the  Pruflian  blue  returns  to  its  original  ftate.  marine  acid  on 
The  addition  of  volatile  vitriolic  acid  mull  produce  a 1 ruir‘an  acid- 
like  effect  j for  this  acid  is  phlogiltieated  according  to 
tire  old  theory,  or  is  deficient  in  vital  air  according 
to  the  new : it  is  therefore  difpofed  either  to  phlogif- 
. ticate  the  green  precipitate,  or  to  attradf  vital  air 
from  it ; which  is  all  that  it  requires  to  convert  it  into 
common  Pruflian  blue.  The  fame  theories  manifeftly 
apply  to  the  green  precipitate,  which  is  rediffolved. ; 
for  in  whatever  ftate  of  combination  it  may  be  fup- 
pofed  to  remain,  as  to  the  order  or  arrangement  of 
-.he  principles  which  are  united  in  the  fluid,  the  addi- 
ion  of  volatile  vitriolic  acid*  or  common  vitriol, 
nr  iron  in  the  metallic  ftate, ■ will  impart  phlogifton, 

>r  attract  vital  air  ; the  abfence  of  the  one,  or  re- 
lundance  of  the  other  of  which,  is  fuppofed,  accord- 
: ng  to  the  refpe&ive  theories,  to  caufe  the  difference 
>etween  it  and  Pruftian  blue. 

If  the  Pruflian  acid  be  impregnated  more  ftrongly  Experiment, 
vith  the  dcphlogifticated  or  aerated  marine  acid,  and 
hen  expofed  to  the  a&ion  of  light,  it  affumes  new 
>roperties.  It  no  longer  combines  with  iron  precipi- 
ated  from  its  folutions ; its  fmell  is  entirely  different 
rom  that  which  it  before  poffeffed  ; and  now  refembles 
.n  aromatic  oil,  the  greateft  part  of  it  feparating  from 
he  water,  at  the  bottom  of  which  it  flows  in  the 
onn  of  an  oil.  This  fluid  however  is  not  inflam- 

X notable-. 
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niable.  By  a gentle  heat  it  riles  in  the  form  of  a 
vapour,  not  foluble  in  water : and  in  time  it  affumes 
the  form  of  fmall  cryftals.  Prufiian  acid  cannot  be 
reflored  after  it  has  undergone  thefe  changes.  Their 
theory  is  not  known. 

Various  experiments  have  been  made  to  difcover 
the  component  parts  of  the  Prufiian  acid.  If  equal 
parts  of  pulverized  charcoal  and  vegetable  alkali  be 
made  red-hot  for  a quarter  of  an  hour  in  a crucible, 
and  fome  fal  ammoniac  in  fmall  pieces  be  then 
brifkly  flirred  down  into  the  mafs,  the  ammoniacal 
Vapours  will  foon  ceafe.  The  ignited  matter  being 
then  thrown  into  water,  affords  a lixivium  equal  to 
the  beft  which  is  made  with  blood.  From  thefe,  and 
other  experiments,  it  was  concluded  that  its  compo- 
nent parts  are  fixed  air,  volatile  alkali,  and  the  prin- 
ciple of  inflammability,  or  phlogiflon.  Later  experi- 
ments appear  to  have  decided  the  queflion  fomewhat 
more  accurately.  When  the  acid  has  been  converted, 
by  means  of  the  dephlogiflicated  or  aerated  marine 
acid,  into  that  flate  which  affords  a green  precipitate 
-with  iron,  it  emits  alkaline  air  upon  the  addition  of 
lime,  or  a pure  alkali.  If  the  lime,  or  alkali,  be  after- 
wards faturated  by  the  addition  of  fome  other  acid, 
the  Prufiian  acid  is  not  difengaged,  or  reflored,  but 
is  no  where  found  j hence  it  follows,  that  the  alkaline 
air  was  one  of  the  principles  of  the  Prufiian  acid, 
which  is  deflroyed : and  as  the  lime  or  alkali  ufed 
in  this  decompofition  is  found  to  be  in  a mild  flate, 
that  is  to  fay,  combined  with  fixed  air,  though  it 
did  not  contain  that  fubflance  before ; it  is  clear  that 
the  other  principle  of  the  Prufhan  acid  is  fixed  air. 
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The  common  Pruffian  acid  confifts  therefore  of  vo-  iron. 
latile  alkali,  united  with  the  bafe  of  fixed  air,  or  that 
fubftahee  which,  in  combination  with  vital  air,  forms  parts  <of  Pruf- 
the  acid  called  fixed  air.  When  the  Pruffian  acid  1 
receives  vital  air,  and  is  converted  into  the  ftate  pro- 
per to  afford  the  green  precipitate,  it  then  appears,  to 
confifl  of  the  fame  principles  as  the  mild  or  concrete 
volatile  alkali,  though  probably  in  a different  order 
of  combination  ; and  this  order  feems  to  be  deranged 
by  the  addition  of  the  lime,  or  the  fixed  alkali,  which 
attra&s  thofe  principles  that  form  fixed  air,  at  the 
fame  time  that  the  principles  which  form  volatile 
alkali  fly  off  in  the  elaftic  ftate. 

The  component  parts  of  Pruffian  acid  will  confe- 
tjuently  be  phlogifticated  air,  inflammable  air,  and 
fixed  air,  or  its  bafe ; all  which  are  afforded  by  animal 
fubftances : but  they  do  not  form  this  peculiar  com- 
bination in  any  cafe  yet  known,  excepting  that  in 
which  an  alkali  is  prefent  when  thofe  fubftances  are 
decompofed  by  fire  *. 

Concentrated  nitrous  acid  a£ts  very  ftrongly  upon  A£Hon  of  nitrous 
* pt*  i • • i • «*.•!*  «:  i *icid  ofl  iron, 

iron  filings,  much  nitrous  air  being  diiengaged  at  the 

fame  time.  The  folution  is  of  a reddifh  brown,  and 

depofits  the  calx  of  iron  after  a certain  time ; more 

efpecially  if  the  veffel  be  left  expofed  to  the  air.  A 

diluted  nitrous  acid  affords  a more  permanent  folution 


* For  a fuller  account  of  this  fubjeft  confult  Scheele’s  ElTays ; 
the  Opufcula,  or  Chemical  ElTays,  of  Bergman;  and  the  Annales 
de  Chimie,  vol,  i ; the  latter  of  which  contains  an  abftradt  of  a 
valuable  memoir  of  Berthollet,  read  before  the  Royal  Academy 
of  Sciences  at  Paris,  in  the  year  1787, 
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Precipitates  of 
iron  from  nitrous 
acid. 


iron.  of  iron,  of  a grcenifh  colour,  or  fometimes  of  a yet-' 
low  colour : neither  of  the  folutions  affords  cryftals ; 
but  they  depofit  the  calx  of  iron  by  boiling,  at  the  fame 
time  that  the  fluid  aflumes  a gelatinous  appearance. 
This  magma,  by  diftillation,  affords  fuming  nitrous  acid, 
much  nitrous  air,  and  fome  phlogiflicated  air ; a red 
calx  being  left  behind,  which,  in  all  probability,  retains 
mo  ft  of  the  vital  air  of  the  acid. 

If  vegetable  alkali  be  added  to  the  nitrous  folution 
of  iron,  a brown  precipitate  falls  down ; of  which  a 
fmall  quantity  is  rediffolved  by  the  alkali.  Mild  ve- 
getable alkali  feparates  a yellowifh  calx,  which  foon 
becomes  of1  a beautiful  orange  red  colour.  If  the 
mixture  be  agitated  during  the  effcrvefcence,  the  pre- 
cipitate is  rediffolved  in  much  greater  quantity  than  by 
the  pure  vegetable  alkali  ^ doubtlefs  by  the  medium 
Martial  alkaline  of  the  fixed  air.  This  folution  is  known  by  the  name 
of  Stahl’s  martial  alkaline  tindlure,  and  is  of  a fine 
red  colour,  which  however  is  impaired  by  time. 
Pure  volatile  alkali  feparates  a.  deep  green  and  al- 
mofl  black  precipitate  from  the  nitrous  folution  of 
iron.  The  mild  volatile  alkali  rediffolves  the  iron, 
which  it  feparates  from  the  acid ; and  forms  an  al- 
kaline tindlure  of  a more  lively  colour  than  that  of 
Stahl. 

A ftion  of  marine  . Diluted  marine  acid  rapidly  difTolves  iron,  at  the 
fame  time  that  a large  quantity  of  inflammable  air 
is  dilengaged,  and  the  mixture  becomes  hot.  In  this, 
as  well  as  in  the  vitriolic  folution  of  iron,  the  fame 
quantity  of  alkali  is  faid  to  be  required  to  faturate 
the  acid  as  before  the  folution  ; whence  it  is  inferred 
that  the  acid  is  not  decompofed,  but  that  the  calcina- 
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tion  is  effected  by  the  vital  air  of  the  water  : whence  iron. 
alfo  it  appears  to  follow,  that  the  inflammable  air  ^ v * 

muff  be  afforded  from  the  decompofed  water,  and  not 
from  the  metal.  It  muff;  however  be  remarked,  that 
this  fact,  as  well  as  moft  of  thofe  upon  which  the 
rejection  of  phlogifton,  or  the  inflammable  principle, 
is  grounded,  are  controverted  by  the  philofophers  who 
maintain  the  exiftence  of  that  principle. 

The  marine  folution  of  iron  is  of  a yellowifh  green  Marine  folution 

of  iron. 

colour,  and  is  much  more  permanent  than  the  folu- 
tions  of  that  metal  in  the  vitriolic  or  nitrous  -acids  \ 
though,  like  all  the  other  folutions  of  iron,  it  depoflts 
its  metal  by  expofure  to  the  air.  By  evaporation  it 
aflumes  the  confidence  of  fyrup,  in  which  needle- 
formed  and  deliquefcent  cryftals  appear.  Some  che- 
mifts  affirm,  that  the  acid  quits  the  iron  by  diftilla- 
tion,  though  much  more  difficultly  than  either  the 
nitrous  or  vitriolic  acid ; but  this  interefting  expe- 
riment has  not  been  made  fince  the  improvements  of 
chemiffry  have  led  philofophers  to  attend  to  fuch  pro- 
ducts as  appear  in  the  permanently  elaffic  ftate. 

The  marine  folution  of  iron  is  decompofed  by  Precipitates, 
lime  and  by  alkalis ; but  the  precipitates  are  more 
eafily  reduced  to  the  metallic  ftate  than  thofe  afforded 
by  other  acids.  Liver  of  fulphur,  hepatic  air,  and 
aftringents,  decompofe  this,  as  well  as  the  other  fo- 
lutions of  iron  ; and  the  pure  Pruffian  alkali  throws 
down  a very  fine  blue  precipitate. 


Fixed  air,  diffolved  in  water,  combines  with  a con-  A&ion  «f  fixed 
fiderable  quantity  of  iron,  in  proportion  to  its  mafs.  a'r  °n  n°‘' ' 
Vinegar  fcarcely  diflolves  it,  unlefs  by  the  afliftanc?  of  —and  vinegar, 
the  air. 
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iron.  In  the  dry  way,  this  metal  does  not  combine  with 
Aftion  of  earths  eart^sJ  unless  it  he  previoufly  calcined ; in  which  cafe 
Zee.  on  iron.  jt  aflifts  their  fufion,  and  imparts  a green  colour  to 
the  glafs.  It  appears  to  combine  with  alkalis  by  fu- 
fion. Nitre  detonates  ftrongly  with  it,  and  becomes 
alkalized.  Sal  ammoniac  is  decompofed  by  it.  Two 
parts  of  iron  filings,  triturated  with  one  part  of  fal 
ammoniac,  and  expofed  to  diftillation,  afford  about 
one  part  of  liquid  volatile  alkali,  contaminated  by  a 
fmall  portion  of  iron.  Some  inflammable  air  comes 
over  in  this  diftillation,  either  from  the  iron,  or  from 
the  water  contained  in  the  fal  ammoniac : the  refidue 
confifts  of  iron,  united  to  marine  acid.  A medical 
preparation  is  made  by  fubliming  fal  ammoniac  from 
a fmall  portion  of  iron  filings  •,  which  gives  part  of 
the  fait  a yellow  colour.  The  calx  of  iron  decompofes 
fal  ammoniac  by  feizing  its  acid,  even  in  the  cold. 
Combination  of  Sulphur  combines  very  readily  with  iron,  in  the  dry, 
phur'Tn  the  and  even  in  the  humid  way,  though  neither  of  thefe 

humid  way.  fubftances  is  fcarcely  at  all  foluble  in  water.  A 

mixture  of  iron  filings  and  flowers  of  fulphur  being 
moiftened,  or  made  into  a pafte,  with  water,  becomes 
hot,  fwells,  adheres  together,  breaks,  and  emits  wa- 
tery vapours  of  an  hepatic  fmell.  If  the  mixture  be 
confiderable  in  quantity,  as  for  example,  one  hundred 

Spontaneous  in-  pounds,  it  takes  fire  in  twrenty  or  thirty  hours,  as 

flammation.  - « ^ n-vi  * nr  n 

loon  as  the  aqueous  vapours  ceaie.  lhis  effect  may 

be  explained  without  difficulty  in  a general  way, 

though  the  circumftances  require  to  be  more  minutely 

examined  : — Iron,  fulphur,  and  water,  are  placed  in 

contact.  The  iron  is  very  fparingly  foluble  in  water  * ; 

* Annales  de  Chimie,  vol.  i.  zzo. 
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snd  the  fulphur  is  probably  foluble  in  a fmall  degree,  iron. 
as  may  be  judged  by  its  becoming  foft  in  that  fluid.  p_c  ^ * 

In,  the  ancient  theory,  it  may  be  faid  that  the  fulphur  Theory  of  the 

' ' . inflammation  of 

combines  with  the  calx  of  the  iron,  and  expels  its  iron  and  fulphur: 
inflammable  air  or  phlogifton.  The  heat  mull  be  de- 
duced, in  any  theory,  from  the  change  of  capacity,  or 
rapid  commotion,  produced  in  the  a£t  of  union.  This 
heat  volatilizes  part  of  the  fulphur,  together  with  the 
inflammable  air ; and  if  the  temperature  be  fufficiently 
elevated,  thefe  fubftances  will  take  fire,  at  the  moment 
of  their  extrication,  by  the  afliftance  of  the  air  of  the 
atmofphere.  In  the  new  theory,  the  explanation  will 
be  nearly  the  fame.  The  iron  and  the  fulphur,  being  — by  the  anti- 
confidered  as  fimple  fubftances,  tend  to  combine  with  thefts!^  h'r° 
each  other,  through  the  medium  of  vital  air,  which 
calcines  the  iron,  and  is  fuppofed  to  be  afforded  by 
decompofition  of  the  water.  The  fame  decompofition 
extricates  inflammable  air  from  the  water.  This,  to- 
gether with  the  fulphur,  forms  hepatic  air ; which, 
flying  off  at  the  temperature  of  ignition,  takes  fire 
by  combination  with  the  air  of  the  atmofphere.  In 
this  theory  it  may  further  be  added,  that,  as  fulphur 
and  water,  in  contaft,  at  an  elevated  temperature, 
afford  inflammable  air,  which  is  explained  by  the  fup- 
pofition  of  vital  air  combining  with  the  fulphur,  there 
would  be  an  increafe  of  inflammation  from  this  caufe. 

Some  doubt  however  may  be  entertained,  'whether 
fulphur  be  more  combuftible  than  inflammable  air  at 
any  temperature,  fince  hepatic  air  depofits  fulphur 
when  detonated  with  vital  air ; which  muft,  in  all 
probability,  depend  on  the  latter  being  lefs  com* 
buftible  at  the  temperature  of  inflammation.  On  the 
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Union  of  ful - 
phur  with  iron 
in  the  dry  way. 


Phofphorus  and 
iron. 


whole  it  appears,  that  fadts  and  obfervations  are 
wanting,  rather  than  probable  theories  *,  and  that  it  is 
fcarcely  neceffary  to  puifue  this  inquiry  more  mi- 
nutely in  the  way  of  argumentative  difquifition.  The 
fpontaneous  combpftion  of  iron  and  fulphur  with  wa- 
ter, is  evidently  an  effect  of  the  fame  kind  as  the 
jdecompofition  of  pyrites. 

Sulphur  combines  very  readily  with  iron  by  fufion ; 
and  produces  a compound  of  the  fame  nature  as 
the  pyrites,  and  exhibiting  the  fame  radiated  ftrudlure 
when  broken.  If  a bar  of  iron  be  heated  to  whiter 
nefs,  and  then  touched  with  a roll  of  fulphur,  the 
two  fubftanccs  combine,  and  drop  down  together  in 
the  fluid  ftate.  It  is  neceffary  that  thi§  experiment 
fhould  be  made  in  a place  where  there  is  a current  of 
air  to  carry  off  the  fumes  j and  the  melted  matter, 
which  may  be  received  in  a veffel  of  water,  is  of  the 
fame  nature  as  that  produced  by  fufion  in  the  com- 
mon way,  excepting  that  a greater  quantity  of  ful- 
phur is  fufed  by  the  contact  of  the  bar  of  iron.  The 
experiment  of  combining  iron  and  . fulphur  together 
by  fufion,  has  not  been  made  with  an  attention  to 
the  volatile  products,  if  any  be  extricated.  As  nei- 
ther of  thefe  fubftances  contains  water,  and  both  are 
fuppofed,  in  the  new  theory,  to  be  fimple  bodies, 
the  experiment  might,  perhaps,  afford  an  interefting 

refult. 

1 

If  equal  parts  of  phofphoric  glafs,  and  iron  clip- 
pings, together  with  one-fixteenth  of  a part  of  pulve- 
rized charcoal,  be  fufed  together,  the  mixture  is  very 
brittle,'  white  in  its  frafture,  and  of  a flriated  and 
granulated  texture.  This  combination  of  iron  with 
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phofphoric  acid  is  found  in  the  iron  produced  from  iron. 

bog  ores,  which  abound  in  the  remains  of  decayed  v 
vegetables.  It  is  the  caufe  of  brittlenefs  in  the  iron  Cold  fhort  iron, 
when  cold ; which  occafions  that  kind  of  iron  to  be 
called  cold  fhort  iron  by  the  workmen.  Fhofphorated 
iron  was  at  firft  taken  to  be  a peculiar  metal ; and  Siderite. 
was  called  fiderite  by  Bergman. 

Iron  unites  with  gold,  filver,  and  platina,  When  Metallic  combi- 
heated  to  a white  heat,  and  plunged  in  mercury,  it 
becomes  covered  with  a coating  of  that  metal.  Long 
trituration  of  mercurial  amalgams  likewife  caufes  a 
coating  to  adhere  to  the  ends  of  iron  peflles  and 
fmall  fteel  fprings,  kept  plunged  beneath  the  furface 
of  mercury  in  certain  barometers,  have  become  brittle 
in  procefs  of  time  : hence  there  appears  to  be  a 
weak  adlion  between  mercury  and  iron.  Iron  and 
; tin  very  readily  unite  together  •,  as  is  feen  in  the  art 
of  tinning  iron  veflels,  and  in  the  fabrication  of  thofe 
ufeful  plates  of  iron,  coated  with  tin,  which  are  gene- 
rally diftinguifhed  by  the  fimple  name  of  tin  alone.  The  Tinning  of  irdn 
t chief  art  of  applying  thefe  coatings  of  tin  confifls  in  plales- 
c defending  the  metals  from  calcination  by  the  accefs  of 
; air.  After  the  iron  plates  are  feraped,  or  rendered  very 
t clean  by  fcouring  with  an  acid,  they  are  wetted  with  a 
I folution  of  fal  ammoniac,  and  plunged  into  a veflel 
. containing  melted  tin  ; the  furface  of  which  is  co- 
• vered  with  pitch  or  tallow,  to  preferve  it  from  calci- 
■ nation.  The  tin  adheres  to  and  intimately  combines 
•yvith  the  iron  to  a certain  depth,  which  renders  the 
tinned  plates  lefs  difpofed  to  harden  by  hammering, 
i than  before,  as  well  as  much  lefs  difpofed  to  alter,  by 
: the  united  adlion  of  air  and  moifture.  The  procefs 

for 
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iron.  for  tinning  of  iron  veflels  does  not  eflentially  differ 
* v * from  that  which  has  already  been  deferibed  of  copper 
veflels.  Iron  does  not  unite  with  bifmuth,  at  leaft  in 
Combinations  of  the  dire£t  way.  As  nickel  cannot  be  purified  from 
tain cTubftances . iron  without  the  greatefl  difficulty,  it  may  be  prefumed 
that  thefe  fubftances  would  readily  unite,  if  the  ex- 
treme infufibility  of  both  did  not  prefent  an  obflacle 
to  the  chemical  operator.  Arfenic  forms  a brittle  fub- 
ftance  in  its  combination  with  iron.  This  fcmi-metal, 
which  is  fo  abundant  in  the  mineral  kingdom,  is  faid 
to  be  the  caufe  of  the  brittlenefs  which  fome  fpe- 
cimens  of  iron  poffiefs  when  hot,  though  malleable 
when  cold.  Iron,  thus  contaminated,  is  diflinguiffied 
by  workmen  by  the  name  of  red  fnort  iron.  Cobalt 
forms  a hard  mixture  with  iron,  which  is  not  eafily 
broken.  The  inflammability  and  volatility  of  zinc 
prefent  an  obftacle  to  its  combination  with  iron.  It 
is  not  improbable,  however,  but  that  clean  iron  filings 
would  unite  with  zinc,  if  that  metal  were  kept  in 
contact  with  them  for  a certain  time,  in  a heat  not 

. r- 

fufficient  to  caufe  it  to  rife ; for  it  has  been  found 
that  zinc  may  be  ufed  in  the  operation  of  coating 
iron  in  the  fame  manner  as  tin.  Antimony  unites 
with  iron,  and  forms  a hard  brittle  combination, 
which  yields,  in  a flight  degree,  to  the  hammer.  The 
combination  of  fulphur,  and  the  regulus  of  antimony, 
which  is  commonly  known  by  the  name  of  antimony, 
is  decomp ofed  by  virtue  of  the  greater  affinity  of  the 
iron  to  the  fulphur.  For  this  purpofe,  five  ounces  of 
the  points  of  nails  from  the  farriers  may  be  made  red 
hot  in  a crucible  ; one  pound  of  pulverized  ore  of  anti- 
mony muft  then  be  thrown  into  the  crucible,  and 

the 
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the  heat  quickly  raifed  to  fufe  the  whole.  "When  the 
fufion  is  perfett,  an  ounce  of  nitre  in  powder  may  be 
hrown  in,  to  facilitate  the  feparation_of  the  fcoriae. 

After  the  mafs  is  cooled,  the  antimony  is  found  fepa-  Combinations  of 

rate  at  the  bottom  of  the  crucible,  while  the  iron  re-  tallic  fubftances. 

nains  in  combination  with  the  fulphur  and  alkali.  If 

:he  proportion  of  the  iron  be  confiderably  greater 

:han  five  ounces  to  the  pound  of  antimonial  mineral, 

he  regulus  will  be  alloyed  with  iron.  Manganefe  is 

dmoft  always  united  with  iron  in  the  native  ftate. 

Wolfram  forms  a brittle  whitiih-brown  hard  alloy,  of 
i compact  texture,  when  fufed  with  white  crude  iron. 

The  habitudes  of  iron  with  the  regulus  of  molyb- 
; lena  are  not  known. 

Iron  is  the  moil  diffufed,  and  moft  abundant,  of  Native  iron  and 
metallic  fubftances.  Few  mineral  bodies,  or  {tones, 
l ire  without  an  admixture  of  this  metal.  Sands,  clays, 

! .nd  the  waters  of  rivers,  fprings,  rain,  or  fnow,  are 
Scarcely  ever  perfectly  free  from  it.  The  parts  of 
.nirnal  and  vegetable  fubftances  likewife  afford  iron  in 
he  refidues  they  leave  after  incineration.  It  has  been 
bund  native,  in  large  mafles,  in  Siberia  *,  and  in  the 
nternal  parts  of  South  America.  This  metal  how- 
ver  in  its  native  ftate  is  fcarce : moft  iron  is  found 
n the  calciform  ftate,  in  ochres,  bog  ores,  and  other 
riable  earthy  fubftances,  of  a red,  brown,  yellow,  or 
)lack  colour.  The  haematites,  or  blood  ftones,  are 
ikewife  calciform  ores  of  iron : thefe  are  either  of 
>.  red  colour,  or  blue,  yellow,  or  brown.  This  ufeful 


* See  Bergman’s  Effays;  Magellan’s  improved  edition  of 
-ronftedt’s  Mineralogy;  and  the  Philof.  Tranf.  lxxviii.  37. 
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iron.  metal  is  fo  abundant,  that  whole  mountains  are  com- 
' v J pofed  of  iron  (tone  •,  whereas,  other  metals  ufually  1 
Ores  of  iron,  run  in  fmall  veins.  Bcfides  the  calciform  ores  of  • 
iron,  which  are  either  nearly  pure,  or  elfe  mixed  I 
with  earths,  as  in  fpars,  jafper,  boles,  bafaltes,  &c. 

/ iron  is  mineralized  with  fulphur,  as  in  the  pyrites ; 
with  arfenic,  in  the  white  pyrites  ; or  with  both.  An 
iron  ore  is  likewife  found,  of  a blue  colour,  and 
powdery  appearance,  which  is  thought  to  be  of  the ! ! 
fame  nature  as  Pruffian  blue.  The  coaly  iron  ores  \ \ 
contain  bitumen.  The  magnet,  or  loadftone,  is  an : , 
iron  ore,  whofe  conftitution  has  not  yet  been  accu-  • 
rately  examined.  Iron  is  alfo  found  in  combination!  J 

with  the  vitriolic  acid,  either  diffolved  in  water,  or  ini 

H 

the  form  of  vitriol. 

Humid  analyfis  To  analyfe  the  ores  of  iron  in  the  humid  way,  they  1 
muft  be  reduced  to  a very  fubtle  powder,  and  repeat-'  i 
edly  boiled  in  marine  acid.  If  the  fulphureous  oresn 
fhould  prove  flow  of  folution,  a fmall  quantity  off 
nitrous  acid  muft  be  added  to  accelerate  the  operation.;; 
The  iron  being  thus  extra&ed,  the  infoluble  part  of 
the  matrix  only  will  remain.  Pruffian  alkali,  being  i 
added  to  the  decanted  folution,  will  precipitate  the  j 
iron  in  the  form  of  Pruffian  blue.  This  precipitate,  ’ 
when  wafhed  and  dried,  will  be  equal  in  weight  to 
fix  times  the  quantity  of  metallic  iron  it  contains ; i 
and  from  this  iron  four  parts  in  the  hundred  muft  he 
Rjge  30a.  deduced,  to  allow  for  the  iron  which  is  contained  1 
in  the  Pruffian  alkali  itfelf.  But  as  this  alkali,  and  jj 
every  other  preparation  containing  the  Pruffian  acid,  j 
does  not  conftantly  afford  the  fame  quantity  of  iron,  ?j 
the  moft  cxa£l  way,  in  the  ufe  of  fuch  preparations, 
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ton fi ft s in  previoufly  diffolving  a known  quantity  of 
ron  in  vitriolic  acid-,  and  precipitating  the  whole  by 
he  addition  of  the  Pruflian  alkali.  This  refult  will 
fford  a rule  for  the  ufe  of  the  fame  aikali  in  other 
olutions.  Por  as  the  weight  of  the  precipitate  ob- 
ained  in  the  trial  experiment,  is  to  the  quantity  of 
ron  which  was  diflolved  and  precipitated ; fo  is  the 
veight  of  the  precipitate  obtained  from  any  other 
olution,  to  the  quantity  of  iron  fought. 

If  the  iron  be  united  to  any  conftderable  proportion 
if  zinc  or  manganefe,  the  Pruflian  blue  mult  be  cal- 
ined  to  rednefs,  and  treated  with  pale  nitrous  acid, 
vhich  will  take  up  the  calx  of  zinc.  The  manganefe 
nay  then  be  diflolved  by  nitrous  acid,  with  the  addi- 
tion of  fugar  j and  the  remaining  iron  being  diflqlved 
ry  marine  acid,  and  precipitated  by  mild  mineral 
: j alkali,  will  afford  225  grains  of  precipitate  for  every 
:00  grains  of  metallic  iron. 

To  examine  the  ores  of  iron  in  the  dry  way,  the  Analyfis  in  the 
fj  mly  requifite  is  fufion,  in  contact  with  charcoal. dry  v"ay‘ 
for  this  purpofe,  eight  parts  of  pulverized  glafs,  one 
of  calcined  borax,  and  half  a part  of  charcoal,  are  to 
) oe  well  mixed  together.  Two  or  three  parts  of  this 
flux,  being  mixed  with  one  of  the  pounded  ore,  and 
; placed  in  a crucible,  lined  with  a mixture  of  a little 
flay  and  pounded  charcoal,  with  a cover  luted  on,  is 
to  be  urged  with  the  ftrong  heat  of  a fmith’s  forge  for 
half  an  hour.  The  weight  of  the  ore,  in  this  experi- 
ment, fhould  not  exceed  60  grains.  Other  procefles 
tor  determining  the  contents,  or  metallic  product,  of 
iron  ores,  are  inftituted  by  performing  the  fame  ope- 
7 rations 
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iron.  rations  in  the  fmall,  as  are  intended  to  be  ufed  in  the 
v J large  way. 

In  the  large  iron  works,  it  is  ufual  to  road,  or  cal- 
cine the  ores  of  iron,  previous  to  their  fufion  * as 
well  for  the  purpofe  of  expelling  fulphureous  or  arfe- 
nical  parts,  as  to  render  them  more  eafily  broken 
Smelting  of  iron  into  fragments  of  a convenient  fize  for  melting.  The 
m the  large  way.  mjneraj  melted  or  run  down,  in  large  furnaces, 

from  1 6 to  30  feet  high*,  and  varioufly  fhaped,  either 
conical  or  elliptical,  according  to  the  opinion  of  the 
iron  mailer.  Near  the  bottom  of  the  furnace  i9  an 
aperture  for  the  infertion  of  the  pipe  of  large  bellows* 
worked  by  water  or  fleam,  or  of  other  machines  for 
producing  a current  of  air  ; and  there  are  alfo  holes  at 
proper  parts  of  the  edifice,  to  be  occafionally  opened, 
to  permit  the  fcoria:  and  the  metal  to  flow  out,  as  the 
procefs  may  require.  Charcoal,  or  coke,  with  lighted 
brufliwood,  is  firft  thrown  in  ; and  when  the  whole 
infide  of  the  furnace  has  acquired  a flrong  ignition,  I 
the  ore  is  thrown  in  by  fmall  quantities  at  a timei 
with  more  of  the  fuel,  and  commonly  a portion  of 
limeftone,  as  a flux the  ore  gradually  fubfides  into 
the  hottefl  part  of  the  furnace,  where  it  bedom€9  1 
fufedj  the  earthy  part  being  converted  into  a kind 
of  glafs  ; while  the  metallic  part  is  reduced  by  the 
coal,  and  falls  through  the  vitreous  matter  to  the 
lowed  place.  The  quantity  of  fuel,  the  additions,  and 
the  heat,  muff  be  regulated,  in  order  to  obtain  iron  of 
any  defired  quality  *,  and  this  qualify  rrtuft  likewife, 
in  the  fir  ft  prodndl,  be  neceflarily  different,  according 
to  the  nature  of  the  parts  which  eompofe  the  ore. 

The 
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The  iron  which  is  obtained  from  the  fmelting  fur- 
naces is  not  pure ; and  may  be  diftinguifhed  into  States  6f  iron> 
rhree  dates  : — white  crude  iron,  which  is  brilliant  The  three  kinds 
in  its  fradture,  and  exhibits  a cryllallized  texture, 
more  brittle  than  the  other  kinds,  not  at  all  mallea- 
ble, and  fo  hard  as  perfectly  to  withftand  the  file  : 
grey  crude  iron,  which  exhibits  a granulated  and  dull 


texture  when  broken : this  fubftance  is  not  fo  hard 


and  brittle  as  the  former,  and  is  ufed  in  the  fabrica- 
tion of  artillery,  and  other  articles  which  require  to 
be  bored,  turned,  or  repaired  : and  black  call;  iron, 
which  is  ftill  rougher  in  its  fradture ; its  parts  adhere 
together  lefs  perfectly  than  thofe  of  the  grey  crude 
iron  : this  is  ufually  fufed  again  with  the  white  crude 
iron. 

Whenever  crude  iron,  efpecially  the  grey  fort,  is  Refining  of  iron, 
fufed  again  with  contadt  of  air,  it  emits  fparkles,  lofes 
weight,  and  becomes  lefs  brittle.  In  order  to  convert 
it  into  malleable  iron,  it  is  placed  on  a hearth,  in  the 
rnidft  of  charcoal,  urged  by  the  wind  of  two  pair  of 
t bellows.  As  foon  as  it  becomes  fufed,  a workman  con- 
tinually ftirs  it  with  a long  iron  inftrument.  During 
> t the  courfe  of  feveral  hours  it  becomes  gradually  lefs 
: fufible,  and  affumes  the  confidence  of  pafte.  In  this 
ftate  it  is  carried  to  a large  hammer,  the  repeated 
blows  of  which  drive  out  all  the  parts  that  ftill 
partake  of  the  nature  of  crude  iron  fo  much  as  to 
retain  the  fluid  ftate.  By  repeated  heating  and  ham- 
mering more  of  the  fufible  iron  is  forced  out ; and 
the  remainder,  being  malleable,  is  formed  into  a bar, 
or  other  form,  for  fale.  Crude  iron  lofes  upwards  of 
- one-fourth  of  its  weight  in  the  procefs  of  refining. 

, Purified, 
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Iron  converted 
into  fteel  by  ce 
mentation. 


Hardening. 


Purified,  or  bar  iron,  is  foft,  dudile,  flexible,  mal* 
leable,  and  poflefles  all  the  qualities  which  have  been 
enumerated  in  this  chapter,  as  belonging  exclufively 
to  iron.  When  a bar  of  iron  is  broken,  its  texture 
appears  fibrous ; a property  which  depends  upon  the 
mechanical  a&ion  of  the  hammer,  while  the  metal  is 
cold.  Ignition  deftroys  this  fibrous  texture,  and  ren- 
ders the  iron  more  uniform  throughout ; but  ham- 
mering reftores  it. 

If  the  pureft  malleable  iron  be  bedded  in  pounded 
charcoal,  in  a covered  crucible,  and  kept  for  a certain 
number  of  hours  in  a ftrong  red  heat  (which  time 
mull  be  longer  or  fhorter,  according  to  the  greater 
or  lefs  thicknefs  of  the  bars  of  iron),  it  is  found  that 
by  this  operation,  which  is  called  cementation,  the  iron 
has  gained  a frnall  addition  of  weight,  amounting  to 
about  the  hundred  and  fiftieth,  or  the  two  hundredth 
part  *,  and  is  remarkably  changed  in  its  properties.  It 
is  much  more  brittle  and  fufible  than  before.  Its  fur- 
face  is  commonly  bliftered  when  it  comes  out  of  the 
crucible ; and  it  requires  to  be  forged,  to  bring  its 
parts  together  into  a firm  and  continuous  Hate.  This 
cemented  iron  is  called  fteel.  It  may  be  welded  like 
bar  iron  ; but  its  moft  ufeful  and  advantageous  pro- 
perty is  that  of  becoming  extremely  hard  when  ig- 
nited, and  plunged  in  cold  water.  The  hardnefs  pro- 
duced is  greater  in  proportion  as  the  fteel  is  hotter, 
and  the  water  colder.  The  colours  which  appear 
on  the  furface  of  fteel  flowly  heated,  are  yellowifh 
white,  yellow,  gold  colour,  purple,  violet,  deep  blue, 
yellowifh  white  ; after  which  the  ignition  takes  place. 
Thefe  figns  dired  the  artift  in  tempering  or  reducing 
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tnc  hardnefs  of  fteel  to  any  determinate  ftandafd.  If 
ft  eel  be  too  hard,  it  will  not  be  proper  for  tools  which 
are  intended  to  have  a fine  edge,  becaufe  it  will  be 
(o  brittle  that  the  edge  will  foon  become  notched  ; if 
it  be  too  foft,  it  is  evident  that  the  edge  will  bend  or 
turn.  Some  artifts  ignite  their  tools,  and  plunge  The  proceffcs  for 
them  in  cold  water;  after  which,  they  brighten  the  of 

furface  of  the  fteel  upon  a ftone  : the  tool  being  then  fted- 
laid  upon  charcoal,  or  upon  tire  furface  of  melted  lead, 
or  placed  in  the  flame  of  a candle,  gradually  acquires 
' :he  de fired  colour;  at  which  inftant  they  plunge  it 
..nto  water.  Others,  efpecially  in  larger  inftruments, 
rlunge  the  tool  into  very  cold  water  as  foon  as  it  is 
rompletely  ignited ; and,  when  it  ceafes  to  be  lumi- 
—jrous  berieath  the  water,  they  take  it  out,  rub  it 
f|  j quickly  with  a file,  of  on  a plate  covered  with  fand, 
hat  it  may  acquire  a white  furface.  The  heat  which 
he  metal  ftill  pofTefies  foon  begins  to  produce  the 
ucceffion  of  colours.  If  a hard  temper  be  defired,  the 
||1  niece  is  dipped  again,  and  flirted  about-  in  the  cold- 
ip  vater  as  foon  as  the  yellow  tinge  appears.  If  the 
urple  appear  before  the  dipping,  the  temper  will  be 
it  for  gravers,  and  tools  u.fed  in  working  upon  me* 
als ; if  dipped  while  blue,  it  will  be  proper  for 
.prings,'  and  for  inftruments  ufed  in  the  cutting  of 
oft  fubftances,  fucli  as  cork,  leather,  and  the  like  ; 

>ut  if  the  laft  pale  colour  be  waited  for,  the  hardnefs 
■f  the  fteel  will  fcarcely  exceed  that  of  iron.  It  is 
circumftance  worthy  of  remark,  that  fteel  has  a 
-fs  fpecific  gravity  when  hardened  than  when  foft ; 
ut  there  are  no  circumftances,  upon  which  a proba-' 
le  connection  between  thefe  two  properties,  nafhely 
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OBSERVATIONS  ON  STEEL. 

the  increafed  hardnefs,  and  the  diminifhed  fpecific 
gravity,  can  be  made  out. 

The  ufual  time  required  for  the  cementation  of 

fteel,  is  from  fix  to  ten  hours.  If  the  cementation  be 

s-  I 

continued  too  long,  the  Heel  becomes  porous,  brittle,  j 
of  a darker  fradlure,  more  fufible,  and  incapable  of 
being  forged  or  welded.  On  the  contrary,  fteel  ce- 
mented with  earthy  infufible  powders,  is  gradually 
reduced  to  the  ftate  of  forged  iron  again.  Simple 
ignition  produces  the  fame  effecl  \ but  is  attended 
with  calcination  of  the  furface.  The  texture  of  fteel  is 
rendered  more  uniform  by  fufing  it  before  it  is  made 
into  bars  : this  is  called  caft  fteel ; and  is  rather  more 
difficultly  wrought  than  common  fteel,  becaufe  it  is 
more  fufible,  and  is  difperfed  under  the  hammer  if 
heated  to  a white  heat. 

When  we  confider  the  operations  by  which  crude  I 
iron  is  brought  into  the  malleable  ftate,  then  con-  | 
verted  into  fteel,  and  afterwards  into  a fufible  me- 
tal, which  is  not  malleable ; we  may  perceive  that 
ftecl-making  is  a kind  of  inversion  of  the  procefs  of 
refining  iron,  as  practifed  in  the  lirft  inftance.  When 
the  calx  of  iron  is  mixed  together  in  the  fmelting 
furnace,  with  combuftible  matter  and  glafs,  it  will 
either  be  completely  or  partially  revived,  according 
to  the  management  of  the  procefs.  Much  of  the  coal 
will  however  be  fo  enveloped  with  the  vitreous  mat- 
ter as  to  remain  unburned : and  the  reduced  iron, 
with  which  it  may  be  in  contact,  will  be  in  the  fame 
fituation  as  forged  iron  in  the  cementing  pot  •,  that  is 
to  fay,  it  will  be  in  contact  with  coal  at  a very  ele- 
vated temperature,  and  defended  from  the  air.  From 
7 the 
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the  great  infufibility  of  iron,  it  may  reafonably  be  iron. 
concluded  that  the  reduced  metal  does  not  flow  into 
the  bottom  of  the  furnace,  until  the  charcoal  has  con- 
verted it  into  a fufible  matter  fimilar  to  fleel,  by  the 
fame  adtion  which  takes  place  in  cementation,  what- 
ever that  adtion  may  be.  Hence  it  mull  follow,  that 
the  various  fpecimens  of  crude  or  call  iron  will  differ 
•in  their  qualities,  as  well  on  account  of  the  degree  of 
cementation  they  have  undergone,  as  the  degree  of 
redudtion  which  has  taken  place  among  the  metallic 
parts,  which  are  carried  down,  and  form  the  whole 
mafs.  Since  the  coal,  in  the  procefs  of  cementation,  Pnge  318. 
communicates  or  adds  weight  to  the  iron  3 and  fince 
crude  iron,' as  well  as  fteel,  exhibits  fparldes,  and  is 
more  eafily  burned  than  other  iron  : it  may  therefore  Conficieration  of 
be  concluded  that,  in  the  procefs  of  refining,  that  part  heat  in  refining 
of  the  inflammable  fub fiance  which  had  united  withiron* 
the  metal  is  burned,  and  leaves  the  iron  much  lefs 
fufible  than  before.  Stirring  the  mafs  multiplies  the 
contadls  of  the  air  with  the  burned  fubflances ; thefe 
•furfaces  of  contadf  will  therefore  fucceffively  afford 
thin  coats  of  infufible  metal.  In  this  manner  it  is 
found,  that  if  a large  piece  of  crude  iron  be  expofed 
to  heat  in  a wind  furnace,  the  external  part  will  be 
deprived  of  its  fufibility  during  the  time  required  to 
produce  a ffrong  heat  in  the  whole  mafs  3 and  the  in- 
ternal part  will  be  mejted,  and  run  out,  leaving  the 
ffiell  behind.  Iron  which  is  of  the  con  fi Hence  of  paftc 
; may  therefore  be  confidered,  like  any  other  paffe,  as  a 
mixture  of  a fluid  with  a folid.  It  will  be  eafily  un-  ' 
derftood  that  the  forging  will  bring  the  parts  of  diffi- 
cult fufion  togetl  e *,  and  extrude  the  lefs  refined  and 
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fluid  parts : it  will  alfo  be  evident  that  thus  operatlct*. 
is  not  likely'  to  drive  out  the  whole  of  the  fufible  mat- 
ter. When  the  iron  has  arrived  at  that  ftate  wherein 
the  quantity  of  fibre  or  tough  iron  is  fufhcient  to 
anfwer  the  mechanical  purpofes  to  which  it  is  intended 
to  be  applied,  the  artift  will  confider  it.  fufficiently 


Probable  caufe 
of  the  property' 
of  welding. 


refined.;  and  the  refidue  of  fufible  iron  contained  in. 


Crude  iron  and 
It  e«E 


the  bar  anfwers,  in  all  probability,  the  valuable  pur- 
pcfe  of  connecting  thefe  ijn fufible  mafles  together. 
Thus  we  find  that  forged  iron  appears  as  if  covered 
with  a varnifh,  when  urged  to  a white  heat  ; we  find 
that  this  varnifh  is  more  abundant  in  fteel ; and  that 
iron  and  fteel  may  be  refpedtively  wadded-  together  by 
application  in  this  ftate  ; an  effedt  which  it  would  be 
very  difficult  t&  account  for,  in  this  molt  infufible  of 
metals,  if  it  were  not  for  fuch  an  admixture.  But 
calx  fteel,  fteel  over-cemented,  and  crude  iron,  appear 
to  be  in  the' Hate  of  all  other  metals*  platina  excepted. 
They  cannot  be  welded,  becaufe  welding  implies  a par- 
tial fufion  ; or  an  effect  fimilar  to  the  gluing  or  unit- 
ing of  folids  by  the  application  of  a fluid,  which  after- 
wards becomes  confident.  And  if  it  be  true  that  pla- 
tina poflefles  this  valuable  property,  it  feerns  reafon- 
able  to  infer  that  it  mult  alfo  confift  of  two  metallic 
fubftances  of  different  degrees  of  fufibility. 

Crude  iron,  and  fteel  of  an  uniform  texture,  confift 
therefore  of  a fufible  combination  of  iron  with  the 
combuftible  fubftance  of  the  coal,  or  fomething  which 
is  imparted  from  it ; the  crude  iron  differing  from 
the  fteel  limply  in  being  over-cemented,  and  lefs 
pure,  on  account  of  the  admixture  of  metallic  calx, 

which  can  fcarcely,  perhaps,  be  avoided  in  the  large 
^ procefs- 





PROCESSES  WITH  CRUDE  IRON.  ^2$ 

procefs.  It  appears  therefore  that  crude  iron  mu  ft  tr  on. 

pafs  through  the  ftate  of  fteel  before  it  can  become  '' v * 

gorged  iron  ; and  confequently  that  the  fabrication 
nf  fteel  from  this  laft  is  a circuitous  procefs,  which 
"au  onIy  he  repaid  by  the  abfence  of  thofe  unreduced 
Darts  which  may  exift  in  the  crude  iron.  At  fome  Proc-dTcs  for  «- 
orges,  however,  where  tire  ore,  the  flux,  the  fuel,  and  SSJgfteci 
he  management,  are  adapted  to  each  other,  the  pro-  iu  a diredt  wa/* 
luce  affords  heel,  when  duly  refined.  At  other  ma- 
lufaclories,  the  crude  iron  is  either  refined,  or  con-  • 
erted  into  fteel,'  by  running  it  into  thin  plates,  which 
re  ftratified  with  charcoal,  and  burned  in  a clofe  fur- 
iace.  In  this  way,  the  metal  is  refined  by  degrees, 
without  undergoing  fufion  ; and  if  the  heat  be  raffed 
a that  of  cementation,  the  iron  will  not  only  be 
educed,  but  converted  into  fteel.  In  the  forges  of 
•annthia  the  grey  crude  iron  is  alfo  converted  either 
ito  foft  iron,  or  fteel,  according  to  the  management 
/ a fomewhat  fimrlar  procefs.  The  iron  is  fufed  in 
large  melting  pot ; and  a fmall  quantity  of  water  be- 
■ g thrown  upon  the  furface  of  the  metal,  caufes  a thin 
ate  to  congeal,  which  is  taken  off ; and,  by  continuing 
ie  operation,  the  greateft  part  of  the  fufed  iron  be- 
>mes  converted  into  plates.  To  produce  fteel,  thefe 
ates  are  again  fufed,  and  kept  a long  time  in  an 
evated  heat;  at  the  fame  time  that  «he  metal  is 
ifended  from  the  contadt  of  the  air  by  a fufficient 
lantity  of  the  vitreous  flag.  To  produce  foft  iron, 
e plates  are  expofed  to  a continued  ro  a fling,  while 
e air  is  conftantly  renewed  by  means  of  two  pair  of 
hows.  The  extenfive  furface  of  the  plates  renders 
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it  unneceflary  to  life  that  agitation,  or  ftirring,  which 
is  required  when  fufed  crude  iron  is  refined.  In  thefe 
proceffes  it  is  evident  that  the  fame  matter  in  the  crude 
iron,  which  it  obtained  in  the  fmelting  furnace,  is 
employed,  and  fupplies  the  place  of  the  charcoal  of 
cementation  in  forming  the  fteel ; and,  on  the  other 
hand,  that  this  fubftance,  which  prevented  the  crude 
iron  from  being  foft,  tough,  and  infufible,  is  burned 
away,  together  with  a portion  of  the  iron  itfelf,  while 
the  remainder  is  left  in  a much  purer  (late. 

Thefe  are  the  fadls  obferved  at  the  furnaces.  But 
the  obfervations  and  inquiries  of  the  chemift  mull 
fteci ; aiceriam-  be  car]qed  farther,  in  order  to  determine  what  it  is 
way-  that  iron  gains  or  lofes  at  the  time  of  its  converfion 

into  its  various  ftates.  It  is  found  that  crude  iron 
approaches  towards  the  foft  {late,  not  only  by  heating 
with'expofure  to  air,  which  burns  the  combuftible  ad- 
dition, but  likewife  by  fufion,  without  the  free  accefs 
pf  air.  In  this  cafe,  when  the  fufion  has  been  complete, 
and  the  cooling  gradual,  it  is  found  that  a black  fub- 
ftance  is  thrown  up  to  its  furface,  which  is  more  abun 
dant  the  greyer  or  blacker  the  iron  •,  and  the  fame 
black  fubftance  is  obferved  to  coat  the  ladles  of  forged 
iron,  which  are  ufed  to  take  out  the  metal,  and  pour  it 
into  moulds  for  calling  fhot,  and  other  articles.  It 
appears  therefore  that  the  heated  iron,  like  other 
heated  fluids,  is  capable  of  holding  a larger  quantity 
of  matter  in  folution  than  when  cold ; and  that  a 
portion  of  this  black  fubftance  feparates  during  the 
cooling,  whether  by  the  gradual  efledl  of  furrounding 
bodies  or  by  the  contact  of  the  ladle,  in  the  fame 
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manner  as  various  falts  are  feparated,  in  part,  from  iron. 

water  by  a diminution  of  temperature.  From  che- V v * 

mical  analyfis,  as  well  as  from  its  obvious  characters, 
this  black  fubftance  is  found  to  be  plumbago,  or  the 
material  ufed  to  make  pencils,  and  commonly  known 
by  the  name  of  black  lead. 

The  prefence  of  this  black  matter  is  likewife  exhi-  Plumbago  extn- 

1 ...  cated  hom  iron 

bited  by  diffolving  ffcecl,  or  crude  iron,  in  acids,  in  in  the  humid 
which  plumbago  is  infoluble,  and  therefore  remains  Wl'y‘ 
behind  in  the  form  of  a powder.  Hence  likewife  is 
deduced  the  caufe  of  the  black  fpot  which  remains 
upon  fieel,  or  crude  iron,  after  its  furface  has  been 
corroded  by  acids  ; for  this  fpot  confifts  of  the  plum- 
bago which  remains  after  the  iron  has  difappeared  by 
folution. 

Solution  in  the  vitriolic  or  marine  acids,  not  only  Quantities  of 

....  , plumbago,  and  of 

exhibits  the  plumbago  contained  in  iron,  but  iikewile  inflammable  air, 
poflefles  the  advantage  of  fhewing  the  ftate  of  its  ^-n* 

redudion  by  the  quantity  of  inflammable  air  which  is 5rcn- 
difengaged  : for  whether  this  aerial  fluid  be  fupplied 
by  the  phtogifton  of  the  iron,  or  from  the  decom- 
pofed  water,  it  is  agreed  on  all  hands  that'  its  quan- 
tity, in  like  circumflances,  is  proportional  to  that  of 
the  iron  which  is  converted  into  calx.  There  are  con- 
flderable  differences  between  t lie  various  preduds  of 
the  fmelting  furnace  in  thefe  refpeds  ; but  it  is  found  " - . 

that  the  white  crude  iron  affords  the  lead;  quantity  of 
inflammable  air  In  proportion  to  its  bulk,  and  leaves 
1 moderate  portion  of  plumbago ; the  grey  crude 
.ron  affords  more  inflammable  air,  and  more  plum- 
sago,  than  the  white  \ and  the  fofteft  bar  iron  affords 
aioft  inflammable  air  of  any,  and  little  or  no  plum- 

Y 4 bago. 


328 


IRON. 


Degrees  of  re- 
duction and  ce- 
mentation in 
iron. 


Inaccuracies. 


Plumbago. 


• / 


STATE3  OF  IKON. 


bago.  The  quantities  of  inflammable  air  *,  at  a me-* 
dium,  by  ounce  meafures,  were  62,  afforded  by  100 
grains  of  the  white  crude  iron  ; 7 1 by  the  grey  crude 
iron  ; and  7 7 by  the  malleable  iron. 

Hence  it  may  be  inferred  that,  in  the  white  crude 
iron,  the  proceffes  of  redudtion  and  cementation  are 
both  carried  to  a lefs  extent  than  in  the  grey  crude 
iron,  which  is  produced  by  means  of  a ftronger  heat, 
excited  with  a larger  quantity  of  fuel : and  that  the 
reduction  of  grey  crude  iron  is  Hill  lefs  perfect  than 
that  of  the  10ft  bar  iron  though  this  laft,  by  the 
refining  in  an  open  veflel,  is  fo  faf  from  being  more 
cemented,  that  it  fcarcely  contains  any  plumbago 
at  all. 

It  muff  be  admitted,  however,  that  the  folution  in 
acids  ferves  only  to  fupport  thefe  general  conclufions, 
in  conjundtion  with  the  facts  obferved  in  the  dry  pro- 
ceffes 5 but  cannot  accurately  fhew  either  the  quan- 
tities of  inflammable  air  or  plumbago  afforded  by  the 
feveral  kinds  of  iron.  For  the  plumbago,  as  it  be- 
comes difengaged,  floats  on  the  top  of  the  vitriolic 
acid  *,  where  it  gradually  difappears,  though  infoluble 
in  that  acid.  It  mufl  therefore  be  taken  up  by  the 
inflammable  air  ; and  it  is  found  that  the  volume  of 
this  air  is  diminifhed  by  the  abforption.  Hence  there 
is  a double  fource  of  inaccuracy  from  the  lofs  of  plum- 
bago, and  the  contraction  of  the  inflammable  air. 

As  plumbago  appears  to  be  a compound  of  iron 
and  eombuftible  matter,  and  as  the  properties  and 

" Acad.  Par.  1786,  pages  166,  167,  The  numbers  in  die  text 
are  given  as  a rough  meafure;  for,  in  fact,  there  can  be  no 
jnedium. 
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effects  of  ijron,  in  its  various  Gates,  cannot  be  well  iron. 
underGood  without  a reference  to  thofe  of  this  fub- v * 
Gance,  it  will  be  expedient  to  give  an  account  of  it  in 
this  place,  inftead  of  referring  it  to  the  next  fedtion. 

Plumbago,  or  black  lead,  is  a well-known  fub-  Chara&ers  of 

0 . . plumbago. 

Gance,  of  a black  colour,  and  Aiming  appearance, 
when  cut.  Its  texture  is  rather  fcaly  ; but  its  frac- 
ture exhibits  a granular  and  dull  appearance.  None 
of  the  fpecimens  have  any  conhderable  hardnefs.  This 
mineral  is  found  in  England,  Germany,  France, 

Spain,  and  Africa ; but  the  fort  beG  adapted  for 
making  pencils  comes  chiefly  from  Borrowdale  in 
Cumberland.  For  this  purpofe,  it  is  carefully  fawed 
into  narrow  flips,  or  pieces,  not  more  than  one-tenth 
of  an  inch  thick ; which  are  glued  between  two  half 
cylinders  of  cedar  wood.  An  inferior  kind  of  pencils 
is  made  by  the  Jews,  by  mixing  the  powder  or  faw-i 
dull  with  gum  arabic,  or  fuflng  it  with  refin  or 
fulphur ; and  prefling  or  pouring  it  into  the  cavities 
of  reeds.  The  powder  of  plumbago,  with  three  times 
its  weight  of  clay,  and  fome  hair,  makes  an  excellent 
coating  for  retorts ; and  the  black  lead  or  Heflian 
crucibles  are  compofed  of  the  fame  materials. 

Plumbago  is  not  fubjeft  to  alteration  by  expofure  to  Habitudes, 
the  adlion  of  air  or  water;  and  it  is  infoluble  in  acids. 

In  clofed  veflfels  it  is  either  entirely,  or  nearly,  unal- 
terable by  the  Grong  heat  of  a furnace  ; but  by  con- 
tinued ignition,  and  occaflonal  Girring  in  a fnallow 
vcffel,  under  a muffle,  it  is  gradually  diffipated,  or 
burned,  leaving  a refldue  of  calx  of  iron,  of  about 
one-tenth  of  the  original  weight.  It  detonates  with 
pitre  in  a red  heat ; fen  parts  of  this  fait  are  re- 
quired 
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quired  to  one  of  plumbago  before  the  whole  will  be 
decompofed,  and  exhibit  no  refidue  of  plumbago 
when  the  alkali  is  diflolved  in  water.  The  aerial 
produ£l  of  this  detonation  is  found  to  confift  of  a 
mixture  of  one-third  fixed  air ; and  the  reft  air  which 
maintains  combuftion  : the  alkali  contains  fixed  air ; 
and  fome  of  the  nitre  is  driven  up  by  the  heat.  In 
order  to  fhew  that  the  fixed  air  came  from  the  plum- 
bago, and  not  from  the  nitre,  the  firft  analyfer*  of 
this  fubftance  detonated  tin,  antimony,  and  fulphur, 
refpeftively,  with  nitre,  and  obtained  no  fixed  air : 
and,  ftill  more  to  place  the  inference  beyond  a doubt, 
he  expofed  plumbago  to  diftillation,  with  twice  its 
weight  of  dry  acid  of  arfenic  : the  acid  was  reduced 
to  the  ftate  of  white  calx  and  fublimed ; and  pure 
fixed  air  came  over.  Similar  refults  were  had  with 
the  calces  of  mercury  and  lead ; the  metals  were  re- 
vived, and  fixed  air  was  expelled.  When  pulverized 
plumbago  was  diftilled  with  cauftic  fixed  alkali  by  a 
ftrong  heat,  the  volatile  produdf  was  inflammable  air ; 
and  the  remaining  alkali  contained  fixed  air. 

From  thefe,  and  other  fa£ts,  he  concluded,  that 
plumbago  is  a compound  of  phlogifton  and  fixed  air, 
with  a little  iron,  which  he  fuppofed  to  be  accidental. 
The  exiftence  of  the  phlogifton  was  judged  to  be 
proved  by  its  detonation  with  nitre,  as  well  as  by  the 
revival  of  the  acid  of  arfenic  and  the  metallic  calces, 
and  the  extrication  of  inflammable  air  by  alkali : he 
inferred  the  quantity  of  phlogifton  in  this  fubftance 
to  be  tv/ice  as  much  as  in  charcoal ; becaufe  it  re- 
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quires  twice  the  quantity  of  nitre  for  its  detonation.  iron. 
The  prefence  of  fixed  air  was  deduced  from  the  aerial  ' v * 
products  in  all  the  diftillations  but  the  Taft  and  from 
the  mild  date  of  the  alkalis,  in  thofe  trials  wherein 
they  were  ufed. 

The  antiphlogiftic  philofophers  * confider  plumbago  Antiphl 
as  a compound  of  iron,  and  the  acidifiable  bafe  of  bago. 
fixed  air,  which  they  call  carbone,  becaufe  it  exifts 
moft  abundantly  in  charcoal.  The  difficulty  of  burn- 
ing or  decompofing  it,  is  confidered  as  a confequence 
of  the  combination  of  its  parts,  which  are  lefs  difpofed 
to  unite  with  vital  air,  than  either  would  be  if  alone* 

The  fame  difficulty  accounts  for  the  large  proportion 
of  nitre  required  to  deflagrate  with  it  completely ; 
a quantity  required,  not  becaufe  there  is  much  com- 
buftible  matter  to  be  burned,  but  becaufe  a long 
continued  and  elevated  heat  is  neceffary ; by  which 
means  much  of  the  nitre  is  decompofed,  and  its  vital 
air  flies  off,  without  having  been  employed  in  the 
combuftion,  as  appears  by  the  two  thirds  of  the  elaftic 
produdl,  which  will  fupport  the  flame  of  a candle. 

The  other  fa£!s  areeafily  adapted  to  this  theory.  By 
detonation  with  nitre  it  affords  fixed  air,  becaufe  the 
combuftible  bafe  is  acidified  by  the  vital  air  of  the 
nitre.  The  arfenical  acid,  and  metallic  calces,  are 
reduced  by  the  abftradlion  of  the  .vital  air  they  con- 
tained ; which  vital  air,  combining  with  the  acidifi- 
able bafe  contained  in  the  plumbago,  converts  it  into 
the  fixed  air,  or  acid,  which  flies  off:  And,  laffly,  in 
the  diftiljation  of  plumbago  with  humid  alkali,  a de- 

" Acad.  Par.  1785,  pag.  132,  et  fcq. 


compo- 


STATES  OF  IRON. 


33^ 

iron.  compofition  of  the  water  takes  place : its  infiamma- 

V v ’ ble  air  flying  off ; and  its  vital  air,  combining  with 

the  acidifiable  bafe,  as  before,  forms  fixed  air,  which 

unites  with  the  alkali,  and  renders  it  mild. 

RefemMance  The  chief  difference  in  the  matter  of  fadb  between 

between  plum-  , r . ~ . 

bago  and  pyrites,  thele  theorifts  appears  to  confift  m the  iron  ; which 

the  latter  conffder  as  a neceffary  part  of  the  combina- 
tion ; by  means  of  which  they  account  for  its  difficult 
combuftibility.  Since  plumbago  does  really  contain 
iron,  it  may  be  conffdered  as  a compound  of  a fimilar 
nature  to  the  martial  pyrites.  Thus  in  the  pyrites  iron 
?age  417^  149.  is  united  to  fulphur ; which  the  phlogiftian  philoso- 
phers affert  to  be  a compound  of  vitriolic  acid  (or  its 
bafe)  and  phlogifton,  while  their  opponents  Jtake  the 
fulphur  to  be  a fimple  fubftance,  capable  of  acidifica- 
tion by  the  addition  of  vital  air  : and  fo  likewife  plum- 
bago is  a compound  of  iron,  united  to  another  fub- 
ftance  ; which  the  phlogiftians  affert  to  be  fixed  air, 
combined  with  phlogifton  ; at  the  fame  time  that 
the  other  party,  rejedting  the  inflammable  principle, 
affirm  that  it  is  the  fimple  acidifiable  bafe,  which  will 
form  fixed  air  when  vital  air  is  added  to  it.  We 
fee  therefore  that  it  is  the  explanation,  and  not  tire 
fadbs,  which  forms  the  objedt  of  contention. 
Recapitulation  Since  crude  iron,  then,  contains  the  bafe  of  fixed 
la  tin"6  to^the™"  a*r  *n  combination,  of  which  it  may  be  deprived 
Rates  oi  iron.  ky  heat  with  accefs  of  vital  air,  which  converts  it 
into  the  acid  ftate  j and  fince  it  again  recovers  that 
bafe  by  cementation  with  charcoal,  there  can  be  no 
doubt  but  the  plumbago  is  afforded  by  the  fuel,  it 
being  highly  probable  that  iron  is  neceffary  to  its  fe- 
parate  exiftence.  It  appears  alfo  that  the  reduction  of 

the 
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: the  metallic  calx  takes  place  firft  at  a lower  tempera-  iron. 

i jure } and  that  the  combination  of  the  bafe  of  fixed  v 
: air  follows  at  a greater  heat.  Whence,  in  the  refining  Refining. 

of  iron,  the  plumbago  is  firft  burned,  and  the  iron  re- 
j mains  reduced ; and,  in  the  cementation  of  bar  iron,  Cementation, 
i the  metal  is  converted  into'fteel,  with  blifters  on  its 
i furface ; which  moft  probably  arife  from  fixed  air 
I formed  by  the  vital  air  of  fome  portions  of  unreduced 
I calx,  uniting  with  the  acidifiable  bafe  from  the  char- 
coal. And,  laftly,  as  iron  holds  this  acidifiable  bafe, 

| or  phlogifticated  acid,  in  folution,  fo  likewife  it  may 
not  be  feparable  from  this  metallic  folvent,  without 
carrying  a portion  with  it ; in  the  fame  manner  as  falts, 
which  cryftallize  in  water,  always  take  up  part  of  the 
folvent  in  the  formation  of  their  cryftals. 

It  would  require  many  volumes  to  enumerate  the  Ufes  of  iros. 
leading  ufes  of  iron.  This  moft  valuable  of  metals  is 
applied  to  fo  many,  and  fu.ch  important  ufes,  that  we 
cannot  look  round  us  without  feeing  its  effects.  When 
we  contemplate  the.  innumerable  effects  of  human  in- 
duftry,  and  afk  ourfelves  the  fimple  queftion,  could 
this  have  been  done  without  iron  ? there,  is  not  a fingle 
inftance  which  will  not  immediately  fhew  its  value. 

It  is  indeed  difficult  to  form  an  idea,  how  civilized 
fociety  could  exift  without  it- 
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TIN. 


Characters  of 
tin. 


I N is  a metal  of  a yellowifh-white  colour,  con- 
fiderably  harder  than  lead,  fcarcely  at  all  fono- 
rous,  very  malleable,  though  not  very  tenacious.  Wires 
cannot  be  made  of  it  •,  but,  under  the  hammer,  it  is 
extended  into  leaves,  called  tin  foil,  which  are  about 
one-thoufandth  of  an  inch  thick ; and  might  eafily 
be  beaten  to  lefs  than  half  that  thicknefs,  if  the  pur- 
pofes  of  trade  required  it.  The  procefs  for  making 
tin  foil  confifts  fimply  in  hammering  out  a number 
of  plates  of  this  metal,  laid  together  upon  a fmooth 
block,  or  plate  of  iron.  The  fmalled  fheets  are  the 
thinned.  Its  fpecific  gravity  is  lefs  than  that  of  any 
other  malleable  metal.  Long  before  ignition,  it  melts 
at  about  the  410th  degree  of  Fahrenheit’s  thermo- 
meter ; and,  by  a continuance  of  the  heat,  it  is  flowly 
converted  into  a white  powder  by  calcination.  Like 
lead,  it  is  brittle  when  heated  almoft  to  fufion  ; and 
exhibits  a grained  or  fibrous  texture,  if  broken  by 
the  blow  of  a hammer  •,  it  may  alfo  be  granulated  by 
agitation  at  the  time  of  its  tranfition  from  the  fluid  to 
the  folid  date.  The  calx  of  tin  refids  fufion  more 
drongly  than  that  of  any  other  metal ; from  which 
property,  it  is  ufeful  to  form  an  opake  white  enamel, 
when  mixed  with  pure  glafs  in  fufion.  The  bright- 
nefs  of  its  furface,  when  fcraped,  foon  goes  ofl  by 

; expofure 
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expofure  to  the  air j but  it  is  not  fubjeft  to  ruff,  or  tin. 
corrofion,  by  expofure  to  the  weather. 

Concentrated  vitriolic  acid,  affiftedby  heat,  diffolves  Solution  of  tin  in 

. . vitriolic  acid  : 

lialf  its  weight  of  tin,  at  the  fame  time  that  vitriolic 
•icid  air  efcapes  in  great  plenty.  By  the  addition  of 
water  a calx  of  tin  is  precipitated.  Vitriolic  acid, 
fiightly  diluted,  likewife  a£ts  upon  this  metal  *,  but  if 
much  water  be  prefent,  the  folution  does  not  take 
place.  In  the  vitriolic  folution  of  tin  there  is  all 
a£hial  formation,  or  extrication  of  fulphur,  which 
renders  the  fluid  of  a brown  colour  whilft  it  conti-  > 

nues  heated,  but  fubfides  by  cooling.  The  tin  is 
likewife  precipitated  in  the  form  of  a white  calx  by 
| a continuance  of  the  heat,  or  by  long  handing  with- 
out heat.  This  folution  affords  needle-formed  cryftals 
by  cooling. 

Nitrous  acid  and  tin  combine  together  very  rapidly,  — in  nitrous 

HC  id 

jj.  without  the  affiftance  of  heat.  Moll  of  the  metal 
||  falls  down  in  the  form  of  a white  calx,  extremely  diffi- 
1 1 cult  of  reduction  ; and  the  fmall  portion  of  tin  which 
i r remains  fufpended,  does  not  afford  cryftals,  but  falls 
i down,  for  the  moft  part,  upon  the  application  of  heat, 
i : :o  infpiffate  the  fluid.  The  ftrong  action  of  the  ni- 
j:  irons  acid  upon  tin  produces  a lingular  phenomenon, 
kvhich  is  happily  accounted  for  by  the  modern  difco- 
T /eries  in  chemiftry.  Mr.  De  Morveau  * has  obferved  Singular  effect.' 
ij  hat,  in  a folution  of  tin  by  the  nitrous  acid,  no  elaftic 
J luid  was  difengaged;  but  that  volatile-  alkali  was 
ormed.  This  alkali  muff  have  been  produced  by 
I ..he  phlogifficated  air  of  that  part  of  the  nitrous  acid 

Kinvan  on  Phlogifton,  ;d  edition,  p.  234. 

which 
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Volatile  alkali 
produced  from 
nitrous  acid*  &c. 


which  was  employed  in  affording  pure  air  to  calcine 
the  tin.  The  phlogiflicated  air.  mull:  therefore  have 


combined  with  inflammable  air:  but  whether  this  in- 


flammable air  was  afforded  by  a decompofltion  cf  the 

water  of  the  menftruum,  or  whether  it  came  from 
' 

the  phlogilton  of  the  tin,  is  a queftion  that  muff 


M • 


*■ 


Solution  of  tin  in 
marine  acid : 


remain  undetermined,  until  decifive  experiments  have 
been  made  for  the  eftablifhment  of  one  or  the  other' 
of  the  two  theories,  which  at  prefent  divide  the  che- 
mical  world. 

The  marine  acid  diflblves  tin  very  readily,  at  the 
fame  time  that  it  becomes  of  a darker  colour,  and 
ceafcs  to  emit  fumes.  A flight  effervefcence  takes"* 
place  with  the  difen  gagement  of  a fetid  inflammable  Jf 
gas.  Marine  acid  fufpends  half  its  weight  of  tin,  and 
does  not  let  it  fall  by  repofe.  It  affords  permanent 
cryllals  by  evaporation.  If  the  tin  contain  arfenic, 
it  remains  undiffolved  at  the  bottom  of  the  fluid. 


* — in  dephlogif- 
tieated  marine 
acid : 


. 

Dephlogifticated  marine  acid  diflblves  tin  very  i*ea- 


dily,  and  without  fenflble  effervefcence.  The  folutiori 
itfelf  dees  not  appear  to  differ  from  the  foregoing, 
in  aqua  regia.  Aqua  regia,  confiding  of  two  parts  nitrodS’  and 
one  marine  acid,  combines  with  tin  with  effervefcence, 
and  the  developement  of  much  heat.  In  order  to 
obtain  a permanent  folutson  of  tin  in  this  acid,  it 
is  neceffary  to  add  the  metal  by  fmall  portions  at  a 
time  *,  fo  that  the  one  portion  may  be  entirely  diffolved 
before  the  next  piece  is  added.  Aqua  regia,  in  this 
manner,  diflblves  half  its  weight  of  tin.  The  folu- 
tion  is  of  a reddifh  brown,  and  in  many  inftances 
afluraes  the  form  of  a concrete  gelatinous  fubftance. 
The  addition  of  water  fometimes  produces  the  con- 
crete 
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Crete  form  in  tills  folution,  which  is  then  of  an  opal  tin. 
dolour,  on  account  of  the  calx  of  tin  diffufed  through  s0]utio^ot-'Jin^n 
its  fubftance.  The  Uncertainty  attending  thefe  expe-  a^ua  regia 
riments,  with  the  folution  of  tin  in  aqua  regia,  feems 
to  depend  upon  the  want  of  a fufficient  degree  of 
accuracy  in  afcertaiilirig  the  fpecific  gravities  of  the 
two  acids  which  are  mixed ; the  quantities  of  each* 
and  of  the  tin,  together  with  that  of  the  water  added. 

It  is  probable  that  the  fpontaneous  aflufnption  of  the 
Concrete  Hate  depends  upon  water  imbibed  from  the 
’.tmofphere;  The  folution  of  tin  in  aqua  regia  is  ufed 
>y  dyers  to  heighten  the  colours  of  cochineal,  gum 
ac,  and  forrie  other  red  tindlures*  from  crimfon  to  a 
iright  fcarlet,  in  the  dying  of  WdolleriSi 
M.  Hermlbedt  has  fucceeded  in  the  a£tual  acidifi-  Atid  of  riii„ 
•ation  of  this  metal,  by  treating  it  with  the  marine 
nd  nitrous  acids.  He  diflolveS  pure  tin  iii  pure  ma~ 
ine  acid,  and  boils  this  folution  with  nitrotis  acid 
diftilled  from  mangdnefe)  Until  the  fed  vapours  ceafe 
:o  appear.  The  fluid,  which  is  then  limpid,  is  ex- 
ofed  to  diftillation  until  the  whole  of  the  marine 
:nd  nitrous  acids  have  been  diflipated.  The  white 
emaining  mafs  is  foluble  in  three  parts  of  water,  and 
; the  acid  of  tin.  A red  heat  converts  this  matter  into 
yellow  tranfparerit  fubftance,  neither  acid  nor  foluble 
i water ; but  it  regains  both  properties  by  a few 
reeks  expofure  to  the  air  *. 

The  acetous  acid  fcarcely  a£ls  upon  tin.  The  ope« 
ition  of  other  acids  upon  this  metal  has  been  little 
’.quired  into. 

Journal  de  Phyf.  xxxv.  391.  Nov.  1789. 

Z When 


333 


FUMING  LIQUOR 


TIN. 


When  equal  parts  of  an  amalgam  of  tin  and  mcr* 
The  fuming  li-  cury>  anc*  °f  corrofive  fublimate,  are  triturated  toge- 
quorof Libavjus.  ther,  and  the  mixture  expofed  to  diftillation  in  a retort. 

I 

by  a very  gentle  heat ; a colourlefs  fluid  firft  comes 
over,  which  is  followed  by  a thick  white  fume,  which 
becomes  condenfed  into  a tranfparent  liquor,  called  f 


the  turning  liquor  of  Libavius,  on  account  of  the 

M 

copious  fumes  it  emits  when  the  veflel  that  contains 
. . -- 
it  is  opened.  On  account  of  the  confiderable  volatility 


of  this  liquid,  it  rifes,  partly  in  the  form  of  flowers* 
to  the  top  of  the  bottle  in  which  it  is  put ; fo  that, ; j 
in  the  courfe  of  feveral  months,  it  becomes  entirely 
clofed. 


I 


* 


The  compofition  and  effects  of  this  liquid 
were  but  imperfedtly  known  until  lately,  when  Mr. 

A det’s  examina-  Adet  made  feveral  ingenious  experiments  upon  it.  By  | 

tion  of  the  fum-  r ......  . . . . . 

jng  liquor  of  expohng  this  liquid  under  receivers  containing  dry-- 

Libavius.  air,  over  mercury)  he  found  that  the  volatile  fluid 
arofe,  and  lined  the  veflel  with  cryftals,  when  water 
was  prefent  j though  very  few  cryftals  were  formed 
when  the  air  was  as  dry  as  it  could  be  made.  He 
obferved  likewife,  that  when  water  was  added  to  the 
fuming,  liquor  of  Libavius,  it  became  foiid,  and  ceafed. 
to  emit  fumes.  A precife  quantity  of  water  is  re- 
quired to  produce  this  effedt  in  the  moft  perfect  man- 
ner. If  the  quantity  of  water  be  too  fmall,  the  liquor 
retains  more  or  lefs  of  its  difpofition  for  the  fluid  ftate » 
and  if  it  be  too  confiderable,  the  fluidity  of  the  water 
prevails.  By  feveral  trials  he  found  that  the  due  pro- 
portion of  water  to  be  added  to  the  fuming  liquor  of 
Libavius  was  as  7 to  22.  A kind  of  ebullition,  or 
efcape  of  bubbles,  was  produced  during  the  combina- 
tion ; which,  on  examination,  was  found  to  arife  from 

the 
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the  efcape  of  the  air  previoufly  contained  in  the  fluid  tin. 
water.  He  found  likewife  that  this  concrete  fub-  ' r v 
(lance,  when  rendered  fluid  by  an  increafe  of  tempe- 
rature, was  capable  of  diflblving  more  tin,  without 
the  difengagement  of  inflammable  air.  After  the 
concrete  fubftance  was  faturated  with  tin,  it  could  no 
longer  be  fublimed,  but  might  be  made  to  undergo 
a red  heat;  during  which  time  there  was  an  efcape 
of  vapours,  confiding  of  tin  combined  with  the  ma- 
rine acid ; and,  after  a Arong  heat,  the  refidue  was 
a white  calx  of  tin.  It  appeared  therefore  that  the 
liquor  of  Libavius,  rendered  concrete  by  water,  and 
faturated  with  tin,  refembles,  in  its  properties,  the 
common  folution  of  tin  in  the  marine  acid. 

From  thefe 


aerated  or  dephlogidicated  marine  acid  of  the  corro-  Llbavms> 
five  fublimate  with  which  it  is  heated ; that  this  com-1 
bination  contains  no  water ; and  that,  as  it  abounds 
with  a fubflance  of  fuch  extreme  volatility  as  that 
aerated  acid,  its  freezing  point  is  very  low,  info- 
much  that  it  is  habitually  fluid ; that  the  addition  of 
water,  in  a due  proportion,  alters  the  freezing  point, 
and  renders  it  concrete  at  a common  temperature ; 
and,  laflly,  that  the  date  of  the  marine  acid  in  this 
fubdance  is  that  which  is  called  aerated,  or  dephlo- 
gidicated ; which  is  proved  as  well  from  the  experi- 
ments which  afcertain  that  date  in  corrofive  fubli-  Page  z6z. 
mate,  as  from  fimilar  experiments  with  the  fuming 
liquor,  which,  as  has  been  obferved,  is  capable  of 
diflblving  more  tin  without  difengaging  inflammable 
■air.  The  fuming  liquor  of  Libavius  has  therefore 

Z 2 the 


that  the  tin,  by 


ircumdances,  Mr.  Adet  concludes  Adet’s  examlna- 

n tion  of  the  fura- 

dronger  affinity,  combines  with  the  jng  iiquor  of 
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TIN. 


Habitudes  of  tin, 
with  earths  and 
Ji«utr»I  iaits 


-—with  fal  am- 
moniac. 


the  fame  relation  to  the  common  folution  of  tin  at. 
corrolive  fublimate  has  to  calomel  *. 

The  reficlue,  after  the  diftillation  by  which  the  , 
fuming  liquor  of  Libavius  is  produced,  confifts  of 
tin  combined  with  the  marine  acid,  calomel,  and  < 
running  mercury,  which  fublime  into  the  roof  and  - 
neck  of  the  retort  •,  and  at  the  bottom  is  found  an 
amalgam  of  mercury  and  tin,  covered  with  a faline.  > 
combination  of  marine  acid  with  tin,  and  fuch  other 
metals  as  the  tin  may  have  been  adulterated  with.  “ 
Much  information  may  be  derived  from  the  foregoing  • 
experiments  of  Mr.  Adet  refpetting  the  phenomena 
produced  when  tin  is  diffolved  in  aqua  regia. 

Earthy  fubftances  do  not  appear  to  affeft  this  metal 
in  the  dry  way.  It  detonates  very  rapidly  with  nitre,;  i 
and  becomes  converted  into  a calx,  which  partly  com- 
bines with  the  alkali.  All  the  vitriolic  falts  are  de- 
compofed  by  tin.  The  tin  becomes  calcined,  and  the 
vitriolic  acid  converted  into  fulphur,  either  by  the 
p’hlogifton  of  the  metal,  according  to  the  ancient  ! 
theory  ; or  by  the  fubtratfion  of  its  vital  air,  accord-  ^ 
ing  to  the  modern  theory.  This  fulphur  appears  to 
combine  with  the  alkali,  or  earth  of  the  fait,  with 
which  it  forms  an  hepar  that  diflblves  part  of  the 
calx. 

Sal  ammoniac  is  very  readily  decompofed  by  tin. 
Alkaline  and  inflammable  air  are  difengaged ; and  a 
concrete  marine  fait  remains  behind,  which,  in  feme 
meafure,  refembles  the  fuming  liquor  of  Libavius,  ; 
The  volatile  alkali,  or  alkaline  air,  which  efcapes,  is 


Aimaks  ik  Chimie,  i.  i,  &c. 


difen-* 


z 


TIN. 
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difengaged  by  virtue  of  the  fuperior  affinity  of  the 
£alx  of  tin  with  the  marine  acid,  at  the  temperature 
cf  the  experiment.  The  inflammable  air,  which  like- 
wife  flies  off,  is  a confequence  of  the  calcination  of 
the  tin ; and  will  be  derived  either  from  the  phlo- 
• giffcon  of  the  tin,  or  the  decompofition  of  the  water, 
according  to  the  theory  which  may  be  applied  in  the 
explanation.  Notwithftanding  the  facility’ with  which 
this  metal  decompofes  fal  ammoniac,  there  is  an  in- 
convenience refulting  from  its  ufe,  which  depends  on 
tthe  great  fufibility  of  this  metal;  in  confequence  of 
■which,  it  cannot  be  intimately  mixed  with  the  fal 
•ammoniac,  but  remains  at  the  bottom  of  the  veffel 
iin  the  fluid  ftate ; while  part  of  the  fal  ammoniac 
•eludes  its  action,  and  is  fublimed  entire. 

If  the  cryftals  of  the  faline  combination  of  copper  Spontaneous  <3e» 
with  the  nitrous  acid  be  grofsly  powdered,  moiftened,  inflammation  of 
atnd  rolled  up  in  tin-foil,  the  fait  deliquefces,  nitrous  metjlllc 
f fumes  are  emitted,  the  mafs  becomes  hot,  and  fud- 
denly  takes  fire.  In  this  experiment  * the  rapid  tran- 
ition  of  the  nitrous  acid  to  the  tin  is  fuppofed  to 
Produce  or  develope  heat  enough  to  fet  fire  to  the 
fitrous  falts  ; but  by  what  particular  changes  of  capa- 
ity,  has  not  been  fhewn. 

If  fulphur,  in  powrder,  be  added  to  about  five  times  Combination  of 
ts  weight  of  melted  tin,  the  two  fubffances  combine, tmvmh  lulPhur* 
nd  form  a black  compound,  which  takes  fire,  and  is 
•riuch  lefs  eafily  fufed  than  the  tin  itfelf.  The  mafs  is 
ritfle,  and  of  a needled  texture. 

The  combination  of  tin  and  fulphur,  called  aurum  Aurum  mufi- 

vuin. 


* Of  Dr.  Higgins.  Philof.  Tranf.  Ixiii.  p.  137. 
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TIN. 


Aurum  mufi- 
vum. 


mufivum,  is  thus  made : Melt  twelve  ounces  of  tin, 
and  add  to  it  three  ounces  of  mercury  *,  triturate  this 
amalgam  with  feven  ounces  of  fulphur,  and  three  of 
fal  ammoniac.  Put  the  powder  into  a matrafs,  bedded 
rather  deep  in  fand,  and  keep  it  for  feveral  hours  in 
a gentle  heat ; which  is  afterwards  to  be  raided,,  and 
continued  for  feveral  hours  longer.  If  the  heat  has 
been  moderate,  and  not  continued  too  long,  the 
golden-coloured  fcaly  porous  mafs,  called  aurum  rau- 
fivum,  will  be  found  at  the  bottom  of  the  veflel ; but,  al 
if  it  has  been  too  itrong,  the  aurum  mufivum  fufes  to ' 
a black  mafs,  of  a ftriated  texture.  This  procefs  is  ^ 
thus  explained : As  the  heat  increafes,  the  tin,  by 


ftronger  affinity,  feizes,  and  combines  with,  the 
rine  acid  of  the  fal  ammoniac  ; while  the  alkali  of  f 
that  fait,  combining  with  a portion  of  the  fulphur,  flies  'i 
off  in  the  form  of  an  hepar.  The  combination  of  tin 


and  marine  acid  fublimes,  and  is  found  adhering  to 
the  fides  of  the  matrafs.  The  mercury,  which  ferved-> 


to  divide  the  tin,  combines  with  part  of  the  fulphur, 
and  forms  cinnabar,  which  alfo  fublimes  ; and  the  re- 
maining fulphur,  with  the  remaining  tin,  forms  the 
aurum  mufivum,  which  occupies  the  lower  part  of  the 
veflel.  It  muft  be  admitted,  however,  that  this  expla- 
nation does  not  indicate  the  reafons  why  fuch  an  in- 
direct and  complicated  procefs  fhould  be  required  to 
form  a Ample  combination  of  tin  and  fulphur. 

When  tin  is  heated  with  phofphoric  acid  and  char- 


Combi nation  of 

phorus.th  ph°f"  coal,  the  metal  appears  to  be  very  little  changed.  A 
combination,  however,  feems  to  take  place ; for  the 
phofphcrrus  burns  on  the  furface  of  the  metal  when 
heated  by  the  blow-pipe. 

Tin 
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Tin  unites  with  bifmuth  by  fufion ; and  becomes  tin. 
harder  and  more  brittle,  in  proportion  to  the  quan-  ^etall^  mix/ 
tity  of  femi-metal  added.  With  nickel  it  forms  a tures- 
white  brilliant  mafs.  It  cannot  eafily  be  united  in 
the  direct  way  with  arfenic,  on  account  of  the  vola- 
tility of  this  femi-metal •,  but,  by  heating  it  with  the 
combination  of  the  arfenical  acid  and  vegetable  al- 
kali, the  fait  is  partly  decompofed ; and  the  tin,  com- 
bining with  the  acid,  becomes  converted  into  a bril- 
liant brittle  compound,  of  a plated  texture.  It  is 
thought  that  all  tin  contains  arfenic  j and  that  the 
trackling  noife  which  is  heard  upon  bending  pieces 
of  tin  is  produced  by  this  impurity.  Cobalt  unites 
with  tin  by  fufion ; and  forms  a grained  mixture,  of 
, a colour  flightly  inclining  to  violet.  Zinc  unites 
s very  well  with  tin,  increafing  its  hardnefs,  and  dimj- 
t nilhing  its  du&ility,  in  proportion  as  the  quantity  of 
zinc  is  greater.  This  is  one  of  the  principal  additions 
ufed'in  making  pewter,  which  confifts,  for  the  moil 
part,  of  tin.  The  bell  pewter  does  not  contain  above  Pewter, 
one-twentieth  part  of  admixture,  which  confifts  of 
zinc,  copper,  bifmuth,  or  fuch  other  metallic  fub- 
ftances  as  experience  has  fhewn  to  be  moft  conducive 
to  the  improvement  of  its  hardnefs  and  colour.  The 
inferior  forts  of  pewter,  more  efpecially  thofe  ufed 
abroad,  contain  much  lead,  have  a blueifh  colour,  and 
are  foft.  The  tin  ufually  met  with  in  commerce  in 
this  country  has  no  admixture  to  impair  its  purity, 
except  fuch  as  may  accidentally  elude  the  workmen  at 
the  mines.  But  the  tin  met  with  in  foreign  countries  Miftake  of  fo- 
is  fo  much  debafed  by  the  dealers  in  that  article,  efpe-  [n^  Engii^tki, 
daily  the  Dutch,  that  pewter  and  tin  are  confidered 
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Native  tin. 


abroad  as  the  fame  fubftance.  Regulus  of  antimony 
forms  a very  brittle,  hard,  mixture  with  tin  •,  the  fpe-, 
cific  gravity  of  which  is  lefs  than  would  have  been 
deduced  by  computation  from  the  fpecific  gravities 
and  quantities  of  each,  feparately  taken.  Wolfram, 
fufed  with  twice  its  weight  of  tin,  affords  a brown 
fpungy  calx,  which  is  fomewhat  ductile. 

Tin  is  fcarcely  ever  found  native.  Native  tin  may 
be  analyfed,  in  the  moift  way,  by  the  application  off 
nitrous  acid,  which  calcines  the  tin,  and  diffolves  the- 
other  metals  it  may  contain.  One  hundred  and  forty 
grains  of  the  wafhed  and  dried  calx  are  equivalent  to 

,-f_ 

one  hundred  grains  of  metallic  tin.  The  metallic  ad- 
mixtures may  be  feparated  from  the  nitrous  acid  byll 
methods  adapted  to  their  refpedlive  properties  *,  which; 
may  be  eafily  gathered  from  what  has  already  been 
obferved  in  the  humid  analyfis  of  the  metals  befor 
treated  of. 

The  calciform  ores  of  tin  are — tin  fpar,  which  is 
generally  of  a whitifh  or  grey  colour,  fometimes'-^ 
greenifh  or  yellowifh,  femi-tranfparent,  and  cryffal- 
lized  in  a pyramidical  form,  or  irregularly — ppake  ^ 
brown  or  black  tin  ore,  cryftallized,  and  embodied  in 
quartz,  fluor,  or  mica,  or  mixed  with  white  and  yel- 
low pyrites  •,  thefe  ores  contain  a mixture  of  iron — 
the  reddifh  yellow,  or  garnet  ore,  which  contains 
more  of  iron  than  of  tin — and  the  tin  Hone,  vulgarly 
called  leadftones,  which  contain  ftill  lefs  tin. 

It  was  formerly  fuppofed  that  tin  was  frequently 
mineralized  by  arfenic  ; but  it  is  now  admitted  that 
the  arfenie,  which  may  be  contained  in  tin,  is  afforded 
ami  fulpW.  by  the  matrix.  The  fcarcity  of  fulphureous  tin  ores 
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was  fikewife  confidered,  till  lately,  as  a very  lingular  tin, 
fadl,  on  account  of  the  facility  with  which  that  fub- 
ftance  unites  to  . tin : fuch  combinations,  however, 
have  iince  been  found.  The  native  aurum  mufivum, 
from  Siberia,  is  of  this  kind:  and  a very  confiderable 
vein  of  tin  in  combination  with  fulphur,  and  an  ad- 
mixture of  copper  and  iron,  has  been  found  in  Corn- 
wall *.  The  analylis  of  tin  ores  in  the  humid  way 
is  an  object  of  fome  difficulty ; becaufe  they  are  not 
aided  upon  effectually  either  by  the  vitriolic,  nitrous, 
or  marine  acids,  or  by  aqua  regia.  The  method  of 
Bergman  is  as  follows  : The  ore  mull:  be  reduced  to 
i very  fubtile  powder  by  levigation  and  elutriation. 
ibbis-daft  procefs  confifls  in  agitating  any  powder  in  Procefsof  elo- 
Kwajter,  which  js  heavy  enough  to  fink  in  that  fluid,  edandexpilluci. 
The  particles  will  be  refilled  in  their  defeent,  accord- 
ng  to  the  furfaces  they  oppofe  againll  the  fluid.  It  is 
. carcely  necefiary  to  obferve,  that  a larger  body  pre- 
sents a lefs  furface  to  be  refided,  than  the  fame  body 
vould  oppofe  if  it  were  divided  into  parts.  For  this 
I \eafon,  when  a powder,  confiding  of  particles  of  the 
| ame  denfity,  but  different  magnitudes,  is  agitated  in 
1 1 flighter  fluid,  the  larged  pieces  come  fil'd  to  the 
'ottom  : and  hence  the  method  of  elutriation  enables 
a ;S  to  affort  the  various  particles  of  a powder  according 
o their  magnitudes,  by  fird  agitating  the  duid,  and 
ucceffively  decanting  it  into  different  veffels.  Thus, 
or  example,  if  the  water  be  decanted  five  feconds  after 
he  agitation,  it  will  leave  a powder  behind  it  j if  it 

* See.  Magellan  s Cronftedt,  p.  637.  The  contents  of  one 
oecimcn  were  30  parts  fulphur,  41  tin,  43  copper,  z iron,  and 
• ftony  matrix. 
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he  again  decanted,  at  the  end  of  five  feconds  more, 

the  fecond  veflel  will  contain  a much  finer  powder 

than  the  foregoing ; and,  by  a third  decantation,  a ftifi 

more  fubtile  powder  will  be  obtained.  This  is  the 

method  applied  in  the  preparation  of  the  white  cab^- 

of  tin,  called  putty,  and  ufed  for  polifhing  fine  me- 

tallic  fpeculums,  and  the  objedt  lenfes  of  telefcopes^ 

and  in  this  way  the  tin  ore  to  be  analyfed,  may  be  - 

reduced  to  a very  fubtile  powder,  by  levigating  andi* 

again  wafhing  the  coarfe  refidue  which  fubfides  in 

the  firft  veflel.  It  may  be  obferved,  that  the  fucceflive 

decantations  are  unneceffary  where  the  very  fin  eft 

powder  only  is  wanting ; becaufe  this  may  be  as  well? 

obtained  by  fuffering  the  water  to  Hand  a fufficiept; 

time  before  it  is  decanted  off  at  firft.  To  the  ver|rS 

fubtile  powder  of  tin  ore,  thus  afforded,  a quantity  of  4 

concentrated  vitriolic  acid  rnuft  be  added,  and  kept  in 

a ftrong  digefting  heat  for  feveral  hours.  A fmall 

portion  of  concentrated  marine  acid  muft  be  poured' J 

into  this  when  cold.  A ftrong  effervefcence  takes  ■ 

\ 

place  with  confiderable  heat  and  the  efcape  of  marine  « 
acid  air,  which  has  been  deprived  of  its  water  by  the^  f 
vitriolic  acid.  After  the  expiration  of  an  hour  or 
two,  forne  water  muft  be  added,  and  the  clear  liquor 
decanted.  The  fame  operation  muft  be  repeated  with 
the  refiduum,  until  the  acids  can  diffolve  no  more: 
'and  nothing  will  then  remain  but  the  ftony  matrix. 
The  folution,  when  precipitated  by  means  of  mild 
alkali,  will  afford  ioo  grains  of  metallic  tin  for  each 
132  grains  of  precipitate,  when  waflied  and  dried,  I 
If  the  precipitate  do  not  confift  of  pure  tin,  but  con- 
tain copper  or  iron,  it  muft  be  calcined  for  an  hour 
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in  a red  heat ; then  digefted  in  nitrous  acid,  which 
will  take  up  the  copper ; and  afterwards  in  marine  v 
acid,  which  will  diffolve  the  iron. 

In  the  dry  wav,  after  pulverization,  and  feparation  — >n  dl7 
of  the  ftony  matter  by  wafhing,  the  tin  ores  may  be 
haftily  fufed  witli  twice  their  weight  of  a mixture  of 
pitch  and  calcined  borax,  in  a crucible  lined  with 
. charcoal,  and  covered ; or  the  ore  may  be  mixed 
with  twice  its  weight  of  tartar,  one  part  of  black 
iflux,  and  half  a part  of  refin.  This  mixture  being 
■ then  divided  into  three  parts,  each  part  muft  be  fuc- 
.ceflively  projected  into  a crucible  ignited  to  white- 
nefs,  which  mult  be  immediately  covered  as  foon  as 
•the  portion  thrown  in  ceafes  to  flame. 

• The  operation  of  reducing  tin  ores  in  the  large  Redu&ion  of  tin 
way,  is  conducted  upon  limilar  principles.  When 'nChe  ldrg  y 
: impure,  they  are  cleanfed  from  foreign  admixtures,  by 
forting,  pounding,  and  wafhing.  A flight  previous 
roafting  renders  the  ftony  parts  more  friable  ; and, 
when  arfenic  is  contained  in  the  matrix,  it  is  driven 
off  by  a ftrong  heat,  continued  for  a fhort  time ; the 
ore  being  frequently  ftirred,  to  prevent  its  running  to- 
gether by  fufion.  In  the  fmelting  of  the  ore,  care  is 
taken  to  add  a larger  quantity  of  fuel  than  is  ufual  in 
the  reviving  of  other  metals ; and  to  avoid  a greater 
heat  than  is  neceffary  to  reduce  the  ore,  in  order  that 
the  lofs  by  calcination  may  be  prevented  as  much  as 
poffible. 

Tin  is  a metal  which,  as  far  as  our  prefent  infor-  Countries  which 
mation  extends,  is  not  very  much  diffufed.  It  is 
found  in  Bohemia  and  Saxony,  and  on  the  ifland  of 
Malacca  in  the  Eaft-Indies.  But  the  largeft  quanti- 
ties. 


afford  tin. 


USES  OF  TIN. 


ties,  at  lead  for  the  European  confumption,  are  foun4 
in  England  •,  particularly  in  the  county  of  Cornwall. 
This  illand  has  been  famous  for  its  tin  mines  from 
the  remoted  periods  of  hiftory  ; and  would  not,  pro- 
bably, have  been  frequented  by  the  ancient  Phoeni- 
cian navigators,  if  they  had  not  been  attracted  hi- 
ther  by  the  great  plenty  of  tin  with  which  it  abounds. 
Several  etymologifts  have  endeavoured  to  {hew  that, 
the  name  of  Britain  is  derived  from  a word  common 
to  the  Syrian  and  Chaldean  languages,  denoting  tin ; 
but  on  this  no  great  llrefs  can  be  laid. 

The  ufes  of  tin  are  very  numerous,  and  fo  well  I 
known,  that  they  fcarcely  need  be  pointed  out.  Seve- 
ral of  them  have  already  been  mentioned.  The  tin-  ^ 
ning  of  iron  and  copper,  the  filvering  of  looking-., 
glades,  and  the  fabrication  of  a great  variety  of  veffels 
and  utenfils  for  domedic  and  other  ufes,  are  among 
the  advantages  derived  from  this  metal. 

' 
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CONCERNING  BISMUTH. 


BISMUTH  is  a femi-metal,  of  a yellowifh  or  bismuth. 
reddifh-white  colour,  little  fubjedt  to  change  Qru.a(c^.!:s  ^ 
n the  air.  It  is  fomewhat  harder  than  lead,  and  is  bifmutk. 
carcely,  if  at  all,  malleable ; being  eafily  broken,  and 
:ven  reduced  to  powder  by  the  hammer.  The  inter- 
nal face,  or  place  of  frafture,  exhibits  large  fhining 
• dates,  difpofed  in  a variety  of  pofitions : thin  pieces 
ere  considerably  fonorous.  At  a temperature  not 
ixceeding  the  460th  degree  of  Fahrenheit  it  melts  \ 
nd  its  Surface  becomes  covered  with  a greenifh, 

;rey,  or  brown  calx.  A ftronger  heat  ignites  it, 
md  caufes  it  to  burn  with  a fmall  blue  flame ; at  the 
ame  time  that  a yellowilh  calx,  known  by  the  name 
[j  nf  flowers  of  bilmuth,  is  driven  up.  This  calx  ap- 
pears to  rife  in  confequence  of  the  combuftion ; 
or  it  is  very  fixed,  and  runs  into  a greenifh  glafs 
vhen  expofed  to  heat  alone.  Bifmuth,  urged  by  a 
llrong  heat,  in  a clofed  veflel,  Sublimes  entire.  This 
emi-metal  cryflallizes  very  diftin&ly,  when  gradually 
ooled. 

The  vitriolic  acid  has  a flight  a<SHon  upon  bifmuth,  A&ion  of  vU 
vhen  it  is  concentrated,  and  boiling.  Vitriolic  acid 
tir  is  exhaled,  and  part  of  the  bifmuth  is  converted 
nto  a white  calx.  A fmall  portion  combines  with  the 
'itriolic  acid,  and  affords  a deliquefcent  fait,  in  the 
'Orm  of  fmall  needles. 
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Solution  in  ni- 
trous acid. 


White  calx,  or 
magiftery  of  bif- 
nauth. 


Solution  in  ma- 
rine acid. 


The  nitrous  acid  attacks  bifmuth  with  the  greateft  j 
rapidity  and  violence  ; at  the  fame  time  that  much 
heat  is  extricated,  and  a large  quantity  of  nitrous  air 
efcapes.  The  folution,  when  faturated,  affords  cryf- 
tals  as  it  cools : the  fait  detonates  weakly,  and  leaves 
a yellow  calx  behind,  which  effiorefces  in  the  air. 
Upon  diffolving  this  fait  in  water,  it  renders  that 
fluid  of  a milky  white,  and  lets  fall  a calx  of  the 
fame  colour. 

The  nitrous  folution  of  bifmuth  exhibits  the  fame 
property  when  diluted  with  water ; moft  of  the  metal 
falling  down  in  the  form  of  a white  calx,  called 
magiftery  of  bifmuth.  This  precipitation  of  the 
nitrous  folution,  by  the  addition  of  water,  is  the 
criterion  by  which  bifmuth  is  diflinguifhed  from  all 
other  metals.  The  magiftery,  or  calx,  is  a very 
white  and  fubtile  powder,  when  prepared  by  the 
addition  of  a large  quantity  of  water : it  is  ufed  as  a 
paint  for  the  complexion,  and  is  thought  gradually 
to  impair  the  fkin.  The  liberal  ufe  of  any  paint  for 
the  fkin  feems,  indeed,  likely  to  do  this ; but  there 
is  reafon  to  fufpedl,  from  the  refemblance  between  the 
general  properties  of  lead  and  bifmuth,  that  the  calx 
of  this  femi-metal  may  be  attended  with  noxious  effe&s 
fimilar  to  thofe  which  the  calces  of  lead  are  known  to 
produce. 

The  marine  acid  does  not  readily  a£l  upon  bifmuth. 

It  is  neceffary  that  the  acid  fhould  be  concentrated, 
and  kept  a long  time  in  digeftion  upon  it ; or  that  it 
fhould  be  diftilled  from  the  femi-metal.  The  refidue, 
when  wa fhed  with  water,  affords  a faline  combina- 
tion, which  does  not  eafdy  cryftallize,  but  may  be 
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fublimed  in  the  form  of  a foft  fufible  fait,  called  bismuth. 
butter  of  bifmuth.  The  marine  folution  of  bifmuth  ' v—~— ' 

likewife  affords  a precipitate  of  calx  by  the  addition 
of  water.  Marine  acid  feizes  the  calx  of  bifmuth, 

\ when  added  to  its  folution  in  nitrous  acid  ; and  forms 
. a compound  of  fparing  folubility,  which  falls  to  the 
: bottom.  Alkalis  likewife  precipitate  its  calx ; but 
not  of  fo  beautiful  a white  colour  as  that  afforded 
. by  the  affufion  of  pure  water. 

. The  effects  of  earths  and  alkalis  upon  bifmuth,  in  Habitudes  of 

• the  dry  way,  have  been  little  attended  to.  Nitre  cal-  eanhT,  faitsV 
cines  it,  with  fcarcely  any  perceptible  detonation.  Sal  fulf,hur : 
.ammoniac  is  not  decompofed  by  bifmuth  in  the  me- 

• tallic  date,  though  its  calx  readily  combines  with  the 
marine  acid  of  that  hilt,  and  difengages  the  volatile 
alkali.  Sulphur  unites  with  bifmuth  by  fufion,  and 
forms  a blueifh  grey  brilliant  mafs,  of  a needle-formed 
texture. 

This  femi-metal  unites  with  moft  metallic  fub and  me  tank 

fiances;  and  renders  them,  in  general,  more  fufible. 

"When  calcined  with  the  imperfedl  metals,  its  glafs 
dilTolves  them,  and  produces  the  fame  effedl  as  lead 
in  cupellation  ; in  which  procefs,  it  is  even  faid  to 
be  preferable  to  lead. 

Bifmuth  is  ufed  in  the  compofitions  of  pewter,  In  ufe?. 
the  fabrication  of  printers  types,  and  in  various  other 
metallic  mixtures. 

It  is  fometimes  found  native,  and  may  be  analyfed.  Native  bifmuth, 
in  the  humid  way,  by  folution  in  nitrous  acid,  and  3nd  lts  ous‘ 
precipitation,  by  the  addition  of  water  ; which  throws 
down  1 13  grains  of  calx  for  every  100  of  metallic 
bifmuth.  It  is  likewife  found  in  the  calciform  flate ; 

and 
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and  mineralized  by  fulpmir,  of  a grey  colour,  refem-- 
bling  galena,  but  heavier.  Thefe  ores  may  alfo  be 
analyfed  by  nitrous  acid,  like  the  foregoing. 

Bifmuth  is  eafily  feparable,  in  the  dry  way,  front 
its  ores,  on  account  of  its  great  fufibility.  It  is  ufual,  • 
in  the  procefles  at  large,  to  throw  the  bifmuth  orejiL 
into  a fire  of  wood  ; beneath  which  a hole  is  made 
in  the  ground  to  receive  the  metal,  and  defend  it 
from  calcination.  The  fame  procefs  may  be  imitated 
in  the  fmall  way,  in  the  examination  of  the  ores 
of  this  metal ; nothing  more  being  neceflary  than  to 
expofe  it  to  a moderate  heat  in  a crucible,  with  a 
quantity  of  reducing  flux ; taking  care,  at  the  fame 
time,  to  perform  the  operation  as  fpeedily  as  poflible,  ** 
that  the  bifmuth  may  be  neither  calcined  nor  vola- 
tilized. 
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CONCERNING  NICKEL. 


NICKEL  is  a reddiffi  white  metallic  fubftance,  nickel. 

of  great  hardnefs,  and  of  an  uniform  texture ; L characters' 
very  difficult  to  be  purified,  and  always  magnetical, 
whence  it  has  been  fuppofed  to  contain  iron  in  it* 
pureft  ftate.  It  is  malleable,  and  is  fcarcely  more 
fufible  than  pure  iron.  Its  calces  are  of  a green 
colour. 

This  metallic  fubftance  has  not  been  applied  to  any  Treatment  of 
tfe : and  the  chief  attention  of  thofe  chemifts  who  nickel?*  ° 
have  examined  it  has  been  directed  to  obtain  it  in 
a ftate  of  purity ; which,  however,  has  not  yet  been 
accomplifhed.  It  is  found  either  native  or  calciform  ; 
but  moft  commonly  mineralized  in  combination  with 
arfenic,  fulphur,  cobalt,  and  iron,  in  the  ore,  called 
kupfer  nickel,  or  falfe  copper.  This  is  of  a reddilh 
yellow,  or  coppery  colour ; of  a texture  either  uniform, 
granular,  or  fcaly  ; bright  in  its  fradlure,  and  almoft 
always  covered  with  a green  efflorefcence  of  calx. 

Moft  of  the  fulphur  and  arfenic  may  be  driven  off  by 
long-continued  roafting,  and  the  occafional  addition 
of  charcoal,  which  prevents  the  arfenic  from  being 
rendered  more  fixed  by  calcination;  and  the  green 
calx  which  remains  may  be  fufed  by  the  ftrongeft 
heat  of  a fmith’s  forge,  together  with  tv/o  or  three 
times  its  weight  of  black  flux.  The  regulus  thus 
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obtained  is  of  a reddifh  white  colour,  and  brittle; 
but  is  very  far  from  being  pure.  Repeated  calci- 
nations for  many  hours,  and  reductions,  fcarcely 
deprive  the  regulus  of  iron ; and  it  is  ftill  highly 
magnetic,  when  purified  to  fuch  a degree  as  to  polfefs 
confiderable  malleability.  Combination  with  fulphur, 
with  liver  of  fulphur,  detonation  with  nitre,  and 
folution  in  the  volatile  alkali  and  vitriolic  acid,  did 
not  deprive  it  of  its  rhaghetifm. 

When  the  regulus  #,  obtained  by  fcorificatkm  and 
reduction,  was  combined  with  fulphur,  and  reduced 
again  after  the  diffipation  of  the  fulphur  by  ftrong 
heat,  and  the  addition  of  chareoal,  to  promote  the 
volatility  of  the  arfenical  contents  ; and  this  procefs 
was  thfeC  times  repeated  ; the  reduced  metal  was  fo 
infufible,  as  not  to  run  into  a mafs  by  the  ftrongeft 
heat  of  a fmith’s  forge,  continued  for  three  quarters 
of  an  hour.  Its  colour  was  then  whitilh,  mixed 
with  a glittering  kind  of  red ; it  was  ftrongly  mag- 
lietical of  a fpecific  gravity  of  8.66;  and  a globule 
of  one  line  in  diameter  was  extended  by  the  hammer 
into  a plate  of  upwards  of  three  lines  in  diameter:  fo 
that  it  is,  properly  fpeaking,  an  entire  metal,  and  not 
a femi-metaL  It  afforded  a blue  folution  with  the 
volatile  alkali ; and  in  nitrous  acid  its  folution  was 
of  a full  green. 

Concentrated  vitriolic  acid  a£ls  upon  the  regulus 
of  nickel,  and- corrodes  it.  The  refidue,  after  diftilla- 
tion  of  the  acid,  is  a greyifh  powder ; part  of  which 
is  in  the  faline  Hate,  and  affords  green  cryftals  by 
folution  in  water  and  evaporation. 


.£y 
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The  nitrous  folution  of  this  metal  affords  faline  jtickel. 
tryftals.  Alkalis  precipitate  it,  and  rediffolve  the  pre-  ^ ' 

cipitate.  Nitre  detonates  with  nickel  in  the  dry  way- 
Sulphur  readily  combines  with  it  by  fufiOn,  as  doe$ 
likewife  arfenic ; and  both  adhere  very  jfertinacioufly 
to  it,  as  has  been  already  fhe\vri. 

Nickel  has  been  thought  to  be  a modification  ofWhet^er  nicktl 
i , ° 4 be  truly  a pecu- 

iron.  This  conclufion  is  grounded  chiefly  on  its  mag-nap  metal, 

netifm,  and  the  confideration  of  the  very  remarkable 
and  different  properties  iron  is  known  to  be  capable 
of  affuming,  in  its  feveral  (bates.  Others  have  fup- 
pofed  it  to  be  an  alloy  of  copper  with  various  me- 
tallic admixtures.  The  blue  colour  it  affords  with 
volatile  alkali,  is  the  chief  circumftance  which  gave 
rife  to  this  opinion.  But  it  has  been  very  properly 
obferved #,  that  many  of  the  known  metals  would 
fcarcely  have  endured  more  fevere  trials  than  this 
fubftante  has  undergone,  without  {hewing  indications* 
at  leaft  as  ffrong,  againft  the  fuppofition  of  their 
being  diffindt  bodies,  as  any  afforded  by  nickel ; and 
confequently,  that  fo  long  as  no  orie  is  able  to  pro- 
duce this  metal  from  pure  iron  or  copper,  and  to 
fexplain  in  an  intelligible  way  the  procefs  by  which  it 
can  be  generated,  we  muff  continue  to  regard  it  as  a 
peculiar  fubftance,  poffeffing  diftindt  properties.  The 
general  opinions  of  chemifts  concur  iri  admitting  the 
force  of  this  reafoning. 

* Bergmah,  ii.  264. 
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Characters. 


White  calx  of 
arfenie : 


— is  in  a falinc 
ftate. 


Regulus. 


CHAP.  xr. 

CONCERNING  ARSENIC. 

A RSENIC  in  the  metallic  ftate,  or  the  regulus 
^ ^ of  arfenie,  is  of  a bright  yellowifh  while  colour, 
fubjeft  to  tarnifh,  and  grow  black,  by  expofure  to  air. 
It  is  brittle,  and  when  broken  exhibits  a laminated 
texture.  In  clofe  veflels  it  fublimes  entire  ; but  burns 
with  a fmall  flame,  if  refpirable  air  be  prefent. 

The  arfenie  met  with  in  commerce  has  the  form  of 
a white  calx.  It  is  brought  chiefly  from  the  cobalt 
works  in  Saxony,  where  zaffre  is  made.  Cobalt  ores 
contain  much  arfenie,  which  is  driven  off  by  long 
torrefa&ion.  The  ore  is  thrown  into  a furnace  refem- 
feling  a baker’s  oven,  with  a flue,  or  horizontal  chim- 
ney, nearly  two  hundred  yards  long ; into  which  the 
fumes  pafs,  and  are  condenfed  into  a greyilh  or  black- 
ifli  powder.  This  is  refined  by  a fecond  fublimation 
in  clofe  veflels,  with  a little  pot-afh,  to  detain  the  im- 
purities. As  the  heat  is  confiderable,  it  melts  the 
fublimed  flowers  into  thofe  cryftalline  mafles  which 
are  met  with  in  commerce. 

The  calx  of  arfenie  is  fo  far  in  the  faline  ftate,  as  to 
be  foluble  in  about  eighty  times  its  weight  of  water, 
at  the  temperature  of  6o°,  or  in  fifteen  times  its  weight 
of  boiling  water. 

The  regulus  may  be  obtained  from  this  calx,,  either 
by  quickly  fufing  it  together  with  twice  its  weight  of 

foft  foap,  and  an  equal  quantity  of  alkali,  and  pouring 

it 


SOLUTION  OF  ARSENIC  IN  ACIDS. 


3JT7 


It  out,  when  fufed,  into  an  hot  iron  Cone;  or  by  arsenic. 

mixing  it  in  powder  with  oil,  and  expofing  it  in  a V 

matrafs  to  a fand  heat.  This  procefs  is  too  offenfive 

to  be  made  but  in  the  open  air,  or  where  a current  of 

air  carries  off  the  fumes.  The  decompofed  oil  firft 

rifes ; and  the  regulus  is  afterwards  fublimed,  in  the 

form  of  a flaky  metalline  fubflance. 

Vitriolic  acid  does  not  attack  the  regulus  of  arfenic,  Aftion  of  vltri. 
nor  its  calx,  when  cold ; but,  if  it  be  boiled  upon ollc  acld ! 
this  femi-metal,  vitriolic  acid  air  is  emitted,  a fmall 
quantity  of  fulphur  fublimes,  and  the  arfenic  is  re- 
duced to  the  calciform  ftate.  Boiling  vitriolic  acid 
diflolves  the  calx  of  arfenic ; but  fcarcely  retains  any 
portion  of  it  when  cold.  The  calx  of  arfenic  is  con- 
fiderably  lefs  volatile  when  vitriolic  acid  is  prefent,  or 
mixed  with  it ; but  it  is  faid  that  wafhing  deprives  it 
of  the  acid,  and  reflores  its  properties. 

Nitrous  acid  readier  attacks  and  calcines  the  regu-  — of  nitrous 
lus  of  arfenic : it  likewife  diflolves  the  calx  of  this  *ad ' 
femi-metal,  in  confiderable  quantity,  by  the  afliftance 
of  heat ; and  affords  a cryflallized  deliquefcent  fait 
by  evaporation,  which  does  not  detonate  on  red  hot 
coals.  The  calx  of  arfenic  is  acidified  by  the  a£tion 
of  nitrous  acid  diftilled  from  it. 

Boiling  marine  acid  diflolves  the  regulus,  and  alfo  — of  marine 
the  calx  of  arfenic;  but  affe&s  it  very  little  when  acid 
cold.  This  folution  affords  precipitates  upon  the  ad-  . 
dition  of  alkalis. 

The  dephlogiflicated  or  aerated  marine  acid  con- 
verts the  calx  of  arfenic  into  arfenical  acid. 

The  calx  of  arfenic  a£ts,  in  many  inftances,  like 
an  acid.  It  decompofes  nitre  by  diftillation ; the 

A a 3 nitrous 


of  aerate 
acid. 


■Page  zi3. 


Piftilhtion  of 
calx  of  arfenic 
wijh  fulphur. 


ftrpimcnt  aad 
realgar. 


J.iver  of  ful- 
phur. 

lixeJ  alkalis. 


ORPIMENT.  REALGAR. 

nitrous  acid  flying  ofF,  and  the  arfenical  fait  of  Mac- 
quer  remaining  behind.  In  this  procefs,  the  nitrous 
acid  appears  to  acidify  the  calx.  Quadrangular  nitre 
is  affe£led  in  the  fame  manner.  When  the  white 
calx  of  arfenic  is  diftilled  with  fulphur,  volatile  vitri-. 
olic  acid  flies  off,  and  a combination  of  a yellow  co- 
lour, called  orpiment,  is  produced  ; which  appears  to 
ponfift  of  fulphur,  united  to  reguius  of  arfenic ; that 
is  to  fay,  part  of  the  fulphur  receives  vital  air  from 
the  calx  ; to  which,  according  to  the  ancient  fyftem, 
it  communicates  phlogifton : and  in  this  manner  the 
fulphur  becomes  converted  into  vitriolic  acid  ; while 
the  arfenical  calx  is  reduced,  and  combines  with  the 
reft  of  the  fulphur.  The  combination  of  fulphur  and 
arfenic  which  has  been  fufed,  is  of  a red  colour ; and 
known  by  the  name  of  realgal,  or  realgar.  Realgar 
appears  to  be  lefs  volatile  than  orpiment,  or  the  yellow 
combination  ; for  it  remains  at  the  bottom,  while  the 
other  fubftmes : but  in  what  refpedf  they  differ  from 
each  other  has  not  been  well  ascertained.  It  is  not 
improbable  but  that  the  orpiment  may  contain  the 
Calx  in  a more  reduced  ftate  than  the  realgar.  A 
ftrong  heat  converts  orpiment  into  realgar. 

Saline  liver  of  fulphur  difl'olves  the  calx  of  arfenic ; 
but  more  readily  attacks  the  regu-lus. 

Watery  folutions  of  fixed  alkalis  diffolve  the  calx  of 
arfenic ; and,  if  they  be  loaded  with  it  by  means  of 
heat,  a brown  tenacious  mafs  is  produced,  which  ac- 
quires folidity,  has  a difagreeable  fmell,  and  is  called 
hepar  of  arfenic.  Mineral  acids  precipitate  part  of 
the  arfenic;  but  a portion  of  it,  being  acidified,  ad- 
heres more  tenacioufly  to  the  alkali.  The  acids  occa- 

fioq 
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(ion  no  precipitation  from  the  folution  of  arfenic  In  the  arsenic. 
volatile  alkali.  It  is  not  eafy  to  explain  what  happens  ' v * 
in  this  cafe,  without  further  experiments.  The  folu-  Combination  of 
tions  of  calx  of  arfenic  in  alkalis  differ  much  in  their  with  alk^ihT^ 
properties  from  the  combination  which  is  produced 
when  the  nitrous  fajts  are  decomposed  by  its  means. 

This  difference  is  accounted  for  from  the  confideration 
that  it  is  tire  calx  of  arfenic  in  the  firft  cafe,  and  the 
acid  in  .the  latter,  which  combines  with  the  alkalis. 

A folution  of  the  calx  of  arfenic  acfs  upon  metals  — with  metais. 
In  the  humid  way,  mofl  probably  in  confequence  of 
its  approach  to  the  acid  (late. 

The  acid  of  arfenic  being  applied  to  the  filings  of  Action  of  arfe- 
the  metals,  in  a long-necked  flafk,  to  prevent  its  re? 
duclion,  acls  upon  feveral  of  the  metals  in  a digefting  Page  213. 
heat..  Gold  and  platina  are  fcarcely  a£l ed  upon.  Sil; — on  gold,  pla- 
ver  is  not  attacked  by  digeflion ; but  when  the  acid  112  tiiver : 
comes  to  be  fufed,  the  metal  is  diffolved,  and  affords  a 
colourlefs  glafs,  which  is  nearly  tranfparent  ; foluble 
in  water,  with  the  lofs  of  greateft  part  of  the  filver, 
which  fubfides  in  the  form  of  a brown  powder,  con- 
taining a minute  portion  of  the  acid  j and  reducible,, 
like  the  other  precipitates  of  filver,  by  mere  heat. 

Mercury  is  not  attacked  by  the  arfenical  acid,  in  the  — mercury, 
heat  of  digeflion  5 but  when  the  acid  and  mercury 
are  urged  in  a retort,  by  an  heat  which  is  near  melting 
the  veffel,  part  of  the  mercury  combines  with  the 
acid,  and  forms  a yelknviffi  mafs  of  extremely  difficult 
fufion ; very  fixed,  and  infoluble  in  water.  Diluted 
nitrous  and  vitriolic  acids  have  fcarcely  any  effe£l  on 
it,  but  marine  acid  readily  diffolves  it.  This  folution, 
t>y  evaporation  to  drynefs,  and  diflillation,  affords 
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4 arsenic. ^ corrofivc  fublimate,  and  the  refidue  is  arfenical  acid : 
Aftion  of  arfe-  whence  it  follows,  that  the  mercury  in  the  arfenical 
flopper*^  °”  com^inati°n  muft  have  been  perfe&ly  calcined.  Cop- 
per is  diflolved  by  the  arfenical  acid  in  digeftion,  and 
affords  a green  folution.  One  part  of  copper  filings, 
mixed  with  two  of  dry  arfenical  acid,  affords  a blue 
mafs  by  fufion,  at  an  elevated  degree  of  heat,  which 
is  foluble  in  water ; and  then  proves  to  be  the  fame 
combination  as  was  produced  by  digeftion.  The  wa- 
tery folution  lets  fall  a light  blue  powdery  matter, 
confifting  of  a combination  of  copper  with  arfenical 

— on  iron  ? acid.  Iron  likewife  is  attacked  by  this  acid  during 

digeftion  j and  the  whole  folution  at  laft  grows  gela- 
tinous* if  the  digeftion  be  performed  in  an  open 
veflel.  If  the  digeftion  be  performed  in  a long- 
necked or  clofe  veflel,  it  does  not  become  gelati- 
nous*, but  will  afterwards  become  fo,  if  expofed  to 
the  air.  In  the  dry  way,  when  one  part  of  iron 
filings  is  diftilled  with  four  of  acid  of  arfenic,  the 
jnafs  makes  a great  effervefcence  towards  the  end  ; 
and,  when  it  becomes  dry,  it  takes  fire  upon  in- 
creafing  the  heat;  arfenic  and  regulus  of  arfenic 
being  fublimed,  and  a black  friable  refiduum  being 
left  at  the  bottom,  which  contains  but  little  acid  of 
arfenic.  In  this  procefs  it  appears  that  the  iron, 
which  is  a metal  very  much  difpofed  to  combuftion 
or  calcination,  fuddenly  deprives  the  arfenical  acid 
of  its  vital  air,  and  reduces  it  to  the  ftate  of  calx  and 
regulus ; at  the  fame  time  that,  according  to  the 
ancient  hypothefis,  phlogifton  pafles  from  the  metal 

— enlead:  to  the  acid.  Little  effect  is  produced  upon  lead  by 

digeftion  with  the  arfenical  acid  j but  the  combination 
c takes 
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:e$  place  by  fufion  in  the  dry  way,  which  affords  arsenic. 

*emi-opake  glafs.  When  this  is  boiled  in  diftilled  arfc* 

cer,  the  lead  falls  down  in  the  form  of  a white  "‘cal  acid  on 

tin  • 

vder,  containing  arfenical  acid,  but  which  does  not 
,rd  arfenic  by  heat,  unlefs  charcoal  be  added.  Tin, 
efted  with  arfenical  acid,  grows  black  at  firft; 
erwards  becomes  covered  with  a white  powder; 
i,  at  laft,  the  whole  mafs  becomes  gelatinous.  In 
dry  way,  one  part  of  tin  filings,  with  two  of 
acid,  heated  in  a retort,  took  fire  when  ignited : 

. the  calx  of  regulus  of  arfenic  immediately  fub- 
ed,  leaving  a limpid  folution  of  tin ; which,  when 
; led,  was  of  a milky  colour.  This,  when  diffolved 
Jiftilled  water,  depofited  a white  calx,  which  con- 
ed very  little  acid  of  arfenic. 

Line  is  the  only  metallic  fubftance  which  effer-  — on  ainc. 

::es  when  digefted  with  the  arfenical  acid.  The 
: grows  black ; and  the  tranfparency  of  the  acid 
leftroyed  by  a quantity  of  black  powder ; which, 
examination  by  burning  on  a red  hot  iron,  proves 
re  regulus  of  arfenic.  This  precipitated  regulus 
nr  defends  the  zinc  from  farther  folution.  The 
• ' which  efcapes  during  the  effervefcence  is  inflam- 
"de,  holding  regulus  of  arfenic  in  folution,  which 
epofits  on  burning.  Either  of  the  chemical  the- 
s will  ferve  to  explain  thefe  effe&s  : for  the  zinc 
1 :alcined  by  receiving  the  vital  air  of  the  acid  ; 
le  it  i6  fuppofed  to  give  out  phlogifton  enough  to 
ice  the  acid  bafis  to  a regulus,  and  to  afford  the 
unmable  air  which  efcapes.  Or,  in  the  other 
>ry,  it  will  be  faid  that  the  zinc,  having  a ftrong 
lency  to  combine  with  vital  air,  and  become  cal- 
cined, 


1 


3$a 


ARSENIC. 


Adhon  of  arfe- 
nical  acid  on 
sine. 

Theory. 


Caution  refpefl 
tuf  theories. 


combinations  of  arsenical  acid 

\ 

cined,  cannot  decompofe  water  at  a moderate  tern-, 
perature,  unlefs  an  acid  be  prefent,  to  remove  the 
coating  of  calx  by  folution  as  fall  as  it  is  formed, 
which  mere  water  cannot  do.  This  therefore  is  the 
firft  confequence  of  the  mutual  aftion  of  water, 
zinc,  and  the  acid  j namely,  vital  air  quits  the  wa- 
ter  to  unite  with  the  zinc,  and  inflammable  air  flies 
off  at  the  fame  time  that  the  acid  combines  with  the 
calx  of  zinc.  But  of  the  two  metallic  bafes,  which 
are  here  combined  by  the  intermedium  of  vital  air, 
the  zinc  has  a ftrong  tendency  to  calcination,  and  the 
arfenic  to  become  revived : it  appears  therefore,  j 
from  the  fails,  that  the  zinc,  attrailing  the  vital  air 
molt  ftrongly,  becomes  flill  more  calcined,  and  con-  . 
fequently  lefs  foluble ; while  the  arfenic  is  reduced 
by  the  lofs  of  its  vital  air.  Whence  it  mull  follow,  * 
that  the  metallic  zinc  which  remains,  being  enve- 
loped with  calx  of  zinc  and  metallic  arfenic,  can  no 
longer  be  ailed  on  by  the  acid  and  water  which  flill 
• continue  undecompofed.  On  this,  and  fimilar  occa- 
fions,  it  cannot  however  be  too  often  repeated  to  the 
chemical  ftudent,  that  theories  ought  to  be  cautioufly  | 
followed,  as  of  ufe  in  the  arrangement  of  fails,  and  I 
in  direiling  the  path  to  future  inveftigations  j that 
diferiminating  phenomena  ought  to  he  earneflly  fought 
after,  becaufe  of  infinitely  more  value  than  the  mod 
ingenious  fpeculations ; and  that  an  attachment  to  t 
fyftem,  though  it  frequently  gives  life  and  energy  to  i 
the  exertions  of  genius,  is  in  general  a certain  fource  t 
of  prejudices,  which  difable  the  enquirer  from  pur-  j 
fuing  the  fearch  after  truth,  and  fix  his  mind  upon  i 
words  inftead  of  things. 
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In  the  dry  way,  when  one  part  of  the  filings  of  arsenic. 


Aftion  of  arfe- 


inc  was  mixed  with  two  of  the  arfenical  acid,  and 

i {filled,  the  mafs  took  five,  with  a very  bright  inflam-  nical  acid  or 

t zinc : 

nation,  as  foon  as  the  retort  became  red  hot.  the 
“flel  was  burft  by  the  explofion ; and  in  its  neck 
rcre  found  regulus  of  arfenie,  and  flowers  of  zinc, 
his  effe£f  may  be  explained  from  the  fame  confide-  Page  360, 
rtions  as  were  applied  to  the  combuftion  which  takes 
lace,  in  like  circumftances,  with  iron. 


Bifmuth  is  a&ed  upon  by  the  arfenical  acid  in — on  bifmuth? 

, j igeftion.  Water  precipitates  a powder  from  the 
i elution,  which  confifts  of  acid  of  arfenie,  combined 
rardth  calx  of  bifmuth.  In  the  dry  way,  bifmuth 
. calcined  by  this  acid,  but  not  diffolved;  a little 
! rrfenic  being  fublimed : and,  if  water  be  added  to 
hfie  cooled  mafs,  the  acid  is  taken  up,  but  the  calx 
:;mains.  Regulus  of  antimony  is  affe&ed  nearly  in  —on  antimony  a 
: hie  fame  manner  as  bifmuth,  in  the  humid  way ; 
i n ut,  in  the  dry  way,  an  inflammation  takes  place  at 
hie  time  of  fufion.  By  digeftion  with  cobalt,  the  —*  on  cobalt : 

: icid  of  arfenie  aflumed  a rofe  colour ; but  much  of 
1 hie  cobalt  remained  undiflolved.  The  whole  mafs 
*eing  diftilled  to  drynefs,  and  fufed,  afforded  glafs  of 
i violet  colour,  and  femi-tranfparent.  Nickel  com — on  nickel, 
r runicates  a green  colour  to  this  acid  by  digeftion ; 

quantity  of  green  powder,  mixed  with  arfenie,  be- 
' ng  precipitated : the  arfenie  may  be  feparated  by  a 
;entle  heat.  In  the  dry  way,  the  acid  combines 
mth  nickel,  and  forms  a yellow  mafs,  with  grey 
ttreaks  upon  it,  refembling  a vegetation.  By  boiling 
• a water,  the  acid  is  taken  up,  and  a yellow  powder 
■2  left 
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arsenic,  left  behind,  confifting  of  a combination  of  nickel  and 
Aftion  of  arfc*  arfenic,  m°ft  probably  in  the  acid  ftate : the  arfenic 
ideal  acid  on  reduced  with  charcoal,  but  the  nickel  is  not.  Calx 
jnanganefe.  ^ manganefe  is  fcarcely  acted  upon  by  acid  of  arfe- 
nic i but,  when  the  manganefe  is  partly  or  entirely 
reduced,  it  is  diflolved  in  the  humid  way ; and  affords 
cryftals  as  foon  as  the  acid  is  nearly  faturated.  The 
regulus,  digefted  with  the  arfenical  acid,  becomes 
covered  with  a white  powder  of  arfenical  calx. 
When  one  part  of  the  regulus  was  mixed  with  two 
parts  of  the  dry  acid,  and  expofed  to  diftillation, 
the  regulus  was  fublimed  before  the  heat  was  fuffi- 
ciently  great  to  fufe  the  acid,  and  confequently  no 
mutual  attion  took  place ; but  when  the  acid  was 
firft  fufed,  and  the  regulus  added  fucceflively  in  fmall 
lumps,  inflammation  took  place,  and  calx  of  arfenic 
was  fublirned.  . 

Combinations  of  Regulus  of  arfenic  is  foluble  in  uruftuous  oils,  in  a 
regulus  of  ar.v  foiling  heat : the  folution  is  black,  and  has  the  con- 
fluence of  falve  when  cold  *.  Moll  metals  unite  with 


arfenic ; which  moft  probably  exifts,  in  the  regu- 
line  ftate,  in  fuch  as  poflefs  the  metallic  brilliancy. 
The  calx,  more  or  lefs  acidified,  is  common  in  many  ! 
minerals. 

Cfes  of  arfenic.  Arfenic  is  ufed  in  a variety  of  arts.  It  enters  into 

metallic  combinations  wherein  a white  colour  is  re-  ; 
quired.  Glafs  manufa£turers  ufe  it  j but  its  effed 

T ^ 

* On  arfenic  and  its  acid,  confult  Scheelc’s  Eflays,  p.  145; 
Bergman’s  EfTays,  vol.  ii.  \ Pelletier,  in  the  Journal  de  Phyfnjuc 
Cor  178a,  &c.  &c. 
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n the  compolition  of  glafs  does  not  feem  to  be  arsenic. 

lcarly  explained.  Orpiment  and  realgar  are  ufed  as  V v— — ' 

ffgments.  Some  attempts  have  been  made  to  intro- 
duce it  into  medicine ; but,  as  it  is  known  to  be  a 
noft  violent  poifon,  it  is  probable  that  the  fear  of  its 
ad  effe&s  may  long  deprive  fociety  of  the  advantages 
t might  afford  in  this  way. 
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COBALT. 

/ . 

CHAP.  ill.  | 

CONCERNING  COBALT. 

OB  ALT  is  a femi-metal,  of  a whitiffi  grey, 
or  fteel  colour ; hard,  brittle ; of  a dull,  clofe- 
grained  fra&ure,  and  moderate  fpecific  gravity.  It  is 
rather  more  difficult  of  fufion  than  Copper  ; does  not  <! 
eafily  become  calcined  3 and  its  calx  is  of  fo  deep  f 
a blue  colour,  as  to  appear  black.  The  moft  remark-  I 
able  and  moft  valuable  property  of  this  metallic  fub*  ! 
ftance  is,  that  its  calx,  when  fufed  with  botax,  or  * 
with  alkali  and  fand,  produces  a blue  glafs,  known  by  ! 
the  name  of  fmalt.  The  adlion  of  air  foon  tarnifhes  i 
it ; but  water  has  little  or  no  effect  upon  it* 

Concentrated  and  boiling  vitriolic  acid,  diftilled 
nearly  to  drynefs,  combines  with  this  fetrii-metal. 
Much  vitriolic  acid  air  flies  off ; and  the  cobalt  is  in 
part  calcirled,  and  in  part  converted  into  a cryftal- 
lizable  fait,  foluble  in  water,  and  precipitable  by  lime  !• 
and  by  alkalis  in  the  form  of  a rofe-coloured  pOwder  ! 
or  calx.  Diluted  vitriolic  acid  a£ts  upon  the  calx  of  \ 
cobalt,  and  forms  the  fame  fait. 

Nitrous  acid  diflolves  cobalt  by  the  affiftance  of  i; 
a moderate  heat.  Nitrous  air  is  difengaged  ; and  the  , 
folution  affords  deliquefcent  cryftals  by  evaporation*  * 
which  do  not  detonate  on  ignited  coals,  but  boil  up  £ 
and  leave  a red  calx.  Lime,  and  the  alkalis,  pre- 
cipitate the  folution ; and,  if  the  alkali  be  added  iri 
excefs,  it  diflolves  the  precipitate. 

The! 
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The  marine  acid  has  fcarcely  any  Action  on  co-  cobalt. 
alt,  unlefs  it 'be  boiling  ; In  which  cafe  it  diflolves  a 
nail  portion.  It  diflolves  the  calx  mo.fe  readily ; ^ marine 
i ith  which  it  forms  a red  brown  fluid,  that  becomes 
jveen  when  heated.  This  folution  affords  deliquef- 
nt  cryftals  by  evaporation. 

t Aqua  regia  diflolves  cobalt  more  eafily  than  the  — with  aqua 

* 0 , . . regia. 

I arine,  though  not  fo  readily  as  the  nitrous,  acid, 
his  folution  is  well  known,  as  one  of  the  mod  cele-  Sympathetic 

ink.* 

ated  fympathetic  inks  afforded  by  chemiftry.  If  it 
: diluted  with  a fufheient  quantity  of  water  to  pre- 
:nt  its  a£tion  upon  paper,  and  then  ufed  to  write 
.ith,  the  letters  are  invifible  as  foon  as  the  clear 
j lution  has  become  dry : but,  if  the  paper  be  held  to 
; .e  fire  for  a fhort  time,  they  appear  of  a fine  green 
| lour;  which  again  difappears  by  removing  it,  and 
I j fitting  it  to  cool  again.  If  the  heat  be  continued 
! 0 long  after  the  letters  appear,  it  will  render  them, 
j :rmanent.  This  effe£t  feems  to  be  analogous  to 
I at  which  obtains  in  the  marine  folution : but  none 
the  efficient  caufes  of  change  of  colour  in  this,  or 
j y other  chemical  phenomenon,  have  been  hitherto 

«;  plained. 

The  acid  of  borax  does  not  a£f  immediately  on  Acid  of  borax 
i ibalt,  in  the  humid  way : but  borax  itfelf,  added  to  and  cobalt- 
: :her  of  the  foregoing  folutions,  effects  a decompo- 
1 ion  by  double  affinity;  the  alkali  uniting  with  the 
[ Ivent  acid,  while  the  acid  of  borax  feizes  the  cobalt, 

; d forms  a fcarcely  foluble  compound,  which  falls 
>.  wn. 

The  acid  of  fugar  precipitates  cobalt  from  its  folu-  Acid  of  fugar, 
i >ns,  in  the  form  of  a pale  rofe-coloured  powder. 

Whether 
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moniac : 

— with  fulphur: 


— with  metallic 
fubftances. 


Native  cobalt 
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ORES  OF  COBALT. 

Whether  alkalis  or  earths  combine  with  this  metal  j 
dire&ly,  by  the  intervention  of  water,  has  not  been  I 
determined. 

Cobalt  does  not  a£t  on  neutral  falts  in  general.  It  j 
detonates  feebly  with  nitre,  when  projected  into  a 
red  hot  crucible,  with  twice  or  thrice  its  weight  of  1 
that  fait.  The  metal  becomes  calcined  by  the  aftion 
of  the  nitre  •,  but  the  changes  in  both  fubftances  re- 
quire farther  examination. 

Sal  ammoniac  is  not  decompofed  by  cobalt. 

Sulphur  does  not  unite  with  cobalt,  but  with  diffi* 
culty.  Liver  of  fulphur  combines  more  readily  with 
it.  The  adtion  of  phofphorus,  or  its  acid,  on  this 
fubftance,  remains  to  be  ufeertained. 

This  femi-metal  unites  by  fufion  with  moft  of  the  j I 
metals  and  femi-metals,  as  has  before  been  noticed.  I 
Silver,  lead,  and  bifmuth,  do  not  mix  with  it ; and 
zinc  does  not  but  with  great  difficulty. 

Cobalt  is  found  native  in  alloy  with  arfenic  and  iron, 
and  of  a fteel-grained  appearance  when  broken ; or  in 
a calciform  ftate,  of  a black  colour,  either  pulveru- 
lent or  indurated  : or  combined  with  arfenical  acid,  in 
the  flowers  of  cobalt,  of  a red  colour ; or,  laftly,  united 
to  fulphur  and  iron,  with  or  without  arfenic,  of  va- 
rious (hades  of  'rednefs.  Bifmuth,  nickel,  and  other 
fubftances,  are  contained  in  thefe  ores.  They  may 
in  general  be  diftinguiihed  by  folution  in  aqua  regia ; 
with  which,  after  dilution  with  water,  they  form  the 
fympathetic  ink  above  deferibed. 

The  native  cobalt,  and  its  calciform  or  ftilphu-  | 
reous  ores,  may  be  examined  by  folution  in  aqua 
regia,  and  evaporation  to  drynefs ; after  which,  the 

■ V ' , calcines! 
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calcined  cobalt  may  be  diffolved  by  vinegar.  When  cobalt. 
this  calx  is  precipitated  by  mild  mineral  alkali,  the  ^mbTanaiyfis 
regulus  may  be  accounted  for,  by  allowing  one  hun-  cobalt  ores, 
dred  grains  for  every  hundred  and  fixty  grains  of 
precipitate.  The  other  component  parts  of  the  refi- 
due,  not  taken  up  by  the  vinegar,  may  be  afcertained 
by  the  methods  defcribed  in  the  preceding  chapters. 

The  red  arfenical  cobalt  ore,  which  contains  arfenical 
acid,  may  be  decompofed  by  vitriolic  acid  ; and  the 
difengaged  arfenical  acid  will  be  taken  up  by  highly- 

reclified  fpirit  of  wine ; after  which,  the  combination 

* 

.of  vitriolic  acid  and  cobalt  may  be  difl'olved  in  water, 

..and  precipitated  by  mild  alkali  : or  the  ore  itfelf  may 
the  difl'olved  in  water,  lharpened  by  an  acid ; jand  the 
■ calx  be  then  precipitated  by  the  alkali. 

In  the  dry  way-,  the  ores  of  cobalt,  after  previous  Analyfis  in  the 
rpounding,  walking,  and  roalling,  may  be  fufed  with  dry  vvay‘ 
three  times  their  weight  of  black  flux,  in  a lined 
and  covered  crucible,  by  the  heat  of  a fmith’s  forge. 

The  tinging  power  of  cobalt  ores  may  be  allayed  by 
'fuflon  with  three  parts  of  fixed  alkali,  and  five  of 
[powdered  flint,  or  glafs.  The  alkali  mult  be  put  firll 
i nto  the  crucible ; next,  the  flint ; and,  above  all, 

: the  roafted  ore.  When  cobalt  ores,  containing  bif- 
smuth,  are  reduced,  this  femi-metal  ufually  occupies 
he  lower  part  of  the  crucible,  and  may  be  fepa- 
r rated  from  it  by  a blow  with  a hammer;  or  at 
iealt  by  eliquation,  or  melting,  on  account  of  its 
greater  fufibility. 

Cobalt  is  found  in  feveral  parts  of  Europe,  but  Cobalt  found 
molt  plentifully  in  Saxony.  Therore  is  ufually  broken  ^"saxany' ^tlluily 
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cobalt,  into  pieces  about  the  fize  of  a hen’s  egg,  and  the 
ivianufadW^f  ^onY  Parts  P^ked  out.  The  Ported  mineral  is  then 
zfcthe  and  fmalt.  pounded  in  mills,  and  fifted  through  wire  fieves.  By 
wafhing  in  water,  the  lighter  parts  are  carried  off ; 
and  the  remainder  is  calcined  in  a furnace  refembling 
an  oven,  wherein  it  is  heated  by  the  a£lion  of  the 
reverberated  flame  of  wood  which  plays  upon  it.  In 
this  fituation,  it  is  occafionally  flirred  with  long  iron, 
rakes  ; and  emits  fumes,  confiding  chiefly  of  arfenic, 
which  is  colledled  in  a long  horizontal  chimney,  built 
for  that  purpofe.  If  the  ore  contain  bifmuth,  this 
fufible  femi-metal  is  collected  at  the  bottom  of  the 
furnace.  The  cobalt,  after  a diffident  torrefadion, 
remains  in  the  form  of  a dark  grey  calx,  called 
zaffire.  The  zaffire  of  commerce  always  contains 
twice  or  thrice  its  weight  of  powdered  flints.  The 
flint  is  pulverized,  for  this  and  other  purpofes,  by 
means  of  previous  ignition,  and  quenching  in  water, 
which  renders  it  friable.  Smalt  is  a blue  glafs,  com- 
pofed  of  one  part  of  the  calcined  cobalt,  fufed  with 
two  of  the  flint  powder,  and  one  of  potafh.  Pow- 
der blue,  or  azure,  is  obtained  by  grinding  fmalt  in 
mills,  and  afterwards  wafhing  it  in  water.  This  lad 
operation  is  performed  in  a caflc  filled  with  wa- 
ter, and  pierQed  with  three  openings  at  different 
heights.  The  water  of  the  uppermod  cock  carries 
out  the  fined  blue,  which  they  call  azure  of  the  fil'd 
fire.  The  larger  particles  fall  more  fpeedily,  and 
the  azure  brought  out  by  the  wrater  of  the  three 
cocks  forms  the  different  degrees  of  finenefs  known 
under  the  names  of  azure  of  the  fird,  fecond,  and 
third  fires. 
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The  ufe  of  this  metallic  fubftance  is  confined  cobalt. 

< V j 

chiefly  to  the  produ&ion  of  the  blue  glafs  for  ena-  Ufes  otvTbX 
mels,  and  other  purpofes.  Powder  and  (tone  blue, 
ufed  by  laundrefles,  is  a preparation  made  by  the 
Dutch  from  the  coarfe  fmalt. 
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ZINC. 


Charafters  of 
zinc. 


INC  is  a femi-metal,  of  a blueifh  white  colour* 
fomewhat  brighter  than  lead ; of  confiderable 
hardnefs  j and  fo  malleable,  as  not  to  be  broken  with 
the  hammer,  though  it  cannot  be  much  extended  in 
this  way.  It  is  very  eafily  extended  by  the  rollers  of 
the  flatting  mill.  When  broken  by  bending,  its  tex- 
ture appears  as  if  compofed  of  cubical  grains.  On 
account  of  its  imperfect  malleability,  it  is  difficult  to 
reduce  it  into  fmall  parts  by  filing  or  hammering : 
but  it  may  be  granulated,  like  the  malleable  metals, 
by  pouring  it,  when  fufed,  into  cold  water ; or,  if  it 
be  heated  nearly  to  melting,  it  is  then  fufficiently 
brittle  to  be  pulverized.  It  melts  long  before  igni- 
tion, at  about  the  700th  degree  of  Fahrenheit’s  ther- 
mometer ; and,  foon  after  it  becomes  red  hot,  it  burns 
with  a dazzling  white  flame,  of  a blueifh  or  yellowiffi 
tinge,  and  is  calcined  with  fuch  rapidity,  that  it  flies 
up  in  the  form  of  white  flowers,  called  the  flowers  of 
zinc,  or  philofophical  wool.  Thefe  are  generated  fo 
plentifully,  that  the  accefs  of  air  is  foon  intercepted ; 
and  the  combuftion  ceafes,  unlefs  the  matter  be  ftirred, 
and  a confiderable  heat  kept  up.  The  white  calx  of 
zinc  is  not  volatile,  but  is  driven  up  merely  by  the 
force  of  the  combuftion.  When  it  is  again  urged  by 
a ftrong  heat,  it  becomes  converted  into  a clear  yellow 

glafs. 
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j £lafs.  If  zinc  be  heated  in  clofed  veflels,  it  rifes  zinc. 

| without  decompofition.  Zinc  appears  to  be  the  moft  ' v ' 

volatile  of  metallic  fubftances,  except  the  regulus  of 
| arfcnic. ' 

The  diluted  vitriolic  acid  diflolves  zinc  ; at  the  Solution  of  zinc 
I r -ii  - . . in  vitriolic  acid. 

i lame  time  that  the  temperature  of  the  folvent  is  m- 
, creafed,  and  much  inflammable  air  efcapes : an  un- 
j difl'olved  refidue  is  left,  which  confifts  of  plumbago. 

The  theories  of  this  folution,  and  the  difengagement 
j of  inflammable  air,  are  perfectly  fimilar  to  thofe  which 
j have  been  before  explained  in  the  chapter  on  iron.  Page  296. 

I .As  the  combination  of  the  vitriolic  acid  and  the  calx 
. proceeds,  the  temperature  diminifhes ; and  the  vitriol 
j 1 of  zinc,  which  is  more  foluble  in  hot  than  cold  water, 

'.begins  to  feparate,  and  diflurb  the  tranfparence  of  the 
; fluid.  If  more  water  be  added,  the  fait  may  be  ob- 
I Gained  in  fine  prifmatic  four-fided  cryflals.  The 
r 'white  vitriol,  or  copperas,  ufually  fold,  is  cryflallized  White  vitriol. 

I i aaftily,  in  the  fame  manner  as  loaf  fugar,  which,  on 
; :hat  account,  it  refembles  in  appearance  : it  is  flightly 
1 . ifflorefcent.  The  white  calx  of  zinc  is  foluble  in  the 
I dtriolic  acid,  and  forms  the  fame  fait  as  is  afforded 


)iy  zinc  itfelf. 

Diluted  nitrous  -acid  combines  rapidly  with  zinc,  Solution  of  zir.c 
;ind  produces  much  heat,  at  the  fame  time  that  a large  111  Iutl0US  acld 


j j luantity  of  nitrous  air  flies  off.  The  folution  is  very 
■auftic,  and  affords  cryflals  by  evaporation  and  cooi- 
ng, which  flightly  detonate  upon  hot  coals,  and  leave 
calx  behind.  This  fait  is  deliquefcent. 

Marine  acid  acls  very  ftrongly  upon  zinc,  and  dif- 
ngages  much  inflammable  air ; the  folution,  when 
vaporated,  does  not  afford  cryflals. 
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HAferrubEs  of  zinc. 


Water  impregnated  with  fixed  air  diffolves  a con* 
fi'&erable  proportion  of  zinc.  The  other  acids  have 
not  been  tried. 

Zinc  is  precipitated  from  acids,  by  the  foluble 
earths,  and  the  alkalis : the  latter  rediffolve  the  preci- 
pitate, if  they  be  added  in  excefs. 

— with  vitriolic  Zinc  decompofes,  or  alters,  the  vitriolic  neutral  falts 

falts  • 

in  the  dry  way.  When  fufed  with  vitriolated  tartar,  it 
converts  that  fait  into  liver  of  fulphur  ; the  zinc  at  the 
fame  time  being  calcined,  and  partly  diffolved  in  the 
hepar.  In  this  operation,  the  vital  air  of  the  acid 
combines  with  the  zinc,  and  calcines  it ; at  the  fame 
time  that,  according  to  the  ancient  theory,  the  phlo- 
gifton  of  the  metal  combines  with  the  acid  bafe,  and 
converts  it  into  fulphur.  In  the  new  theory,  tire 
tranfition  of  phlogillon  is  confidered  as  hypothetical 
and  unnecelfary : becaufe,  the  metal  and  the  fulphur 
being  taken  to  be  fimple  fubftances,  the  vitriolic  acid 
becomes  fulphur,  merely  by  the  lofs  of  its  vital  air ; 
and  the  zinc  becomes  calcined,  merely  by  the  acqui- 
fition  of  the  fame  fubftance. 

— with  nitre:  When  pulverized  zinc  is  added  to  fufed  nitre,  or 

projedted  together  with  that  fait  into  a red  hot  cru- 
cible, a very  violent  detonation  takes  place  ; infomuch 
that  it  is  neceflary  for  the  operator  to  be  careful  in 
ufing  only  fmall  quantities,  left  the  burning  matter 
fliould  be  thrown  about.  The  zinc  is  calcined ; and 
part  of  the  calx  combines  with  the  alkali,  with  which 
it  forms  a compound,  foluble  in  water. 

— with  common  Zinc  decompofes  common  lalt,  and  alfo  fal  ammo- 

«Uc’;  ^r.dTlum".  mac,  by  combining  with  the  marine  acid.  The  filings 

of  zinc  likewife  deconrpofe  alum,  when  boiled  in  a 

folution 


ZINC. 


I 

Habitudes  of 
sine : 


ORES  OF  ZINC. 


375 


Solution  of  that  fait,  probably  by  combining  with  its  zinc. 
««xcefs  of  acid.  . V v * 

Sulphur,  though  its  adlion  is  almoft  general  on  me-  Habitudes  of  zinc 
; tallic  fubftances,  does  not  combine  with  zinc.  This  w‘th  fulphur 
i property  affords  a ready  means  of  purifying  the  femi- 
metal,  by  projedting  fulphur  upon  it,  when  melted  in 
a ihallow  crucible.  It  has  been  a fubjedt  of  remark, 

■among  chemifts,  that  many  of  the  zinc  ores  confifl 
•■of  this  femi-metal  combined  with  fulphur,  .though  art 
has  not  yet  difcovered  the  means  of  effedting  the  fame 
combination.  But  the  difficulty  is  removed  by  the 
.confideration,  that  the  fulphur  does  not  unite  with 
. zinc  itfelf,  yet  it  readily  does  with  its  calx,  and  forms 
.a  compound  fimilar  to  the  zinc  ores,  called  blendes-, 
in  which,  for  that  reafon,  the  zinc  may  be  prefumed 
to  exift  in  the  calciform  ftate.  * 

Liver  of  fulphur  does  not  combine  with  zinc,  either  — with  liver  of 

, , . . , fulphur : 

m the  humid  or  dry  way. 

Mod  of  the  metallic  combinations  of  zinc  have —with  metals. 

I been  already  treated  of.  It  forms  a brittle  compound 
with  antimony ; and  its  effedts  on  manganefe,  wol- 
fram, and  molybdena,  have  not  yet  been  afeertained. 

Native  zinc  has  been  very  feldom  found.  The  Native  zinc  and 
'calciform  ores  of  zinc  are  the  zinc  fpar,  of  a 
whitiffi  grey  colour,  refembling  a lead  fpar  •,  and  the 
impure  calx  called  calamine,  which  is  of  a white, 
grey,  yellow,  brown,  or  red  colour,  containing  iron, 
clay,  calcareous  and  other  earths,  and  lead.  The 

• ore  called  blende,  mock  lead,  or  black  jack,  confifts 
of  zinc  mineralized  with  fulphur  and  iron  : of  this 

• there  are  feveral  varieties.  They  are  in  general  of 
* plated  texture  j and  frequently  of  a quadrangular 

B b 4 form. 


its  ores. 
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form*  like  galena,  or  potters’  lead  ore,  though  they 
are  conliderably  lefs  heavy.  Thefe  ores  are  found 
in  various  parts  of  Europe ; and,  in  confiderable 
plenty,  in  the  mine  counties  of  England. 

Native  zinc  may  be  allayed,  in  the  humid  way,  by 
the  mineral  acids.  When  it  is  diflolved  in  thefe,  if 
there  be  any  other  metal  prefent,  it  may  be  precipi- 
tated by  the  addition  of  a known  quantity  of  zinc. 
The  weight  of  calx  of  zinc  precipitated  by  mild 
alkali  from  its  vitriolic  folution,  will  amount  to  193 
grains  for  every  100  of  the  metal  itreprefents.  The 
fulphureous  zinc  ores  muft  be  carefully  treated  with 
nitrous  acid ; which  will  difl'olve  the  zinc,  and  leave 
the  fulphur.  Extraneous  metals  may  be  precipitated, 
and  the  quantity  of  zinc  afeertained,  as  before. 

The  elfay  of  calamines  is  fometimes  made  by  pound- 
ing and  mixing  them  with  charcoal,  and  then  heat- 
ing them  in  a crucible  covered  with  a copper  plate. 
The  reduced  zinc  riles,  and  converts  the  copper  into 
brafs ; andr  in  this  way,  fome  judgment  may  be 
formed  of  its  value  in  the  operation  of  brafs-making. 
Moll  of  the  zinc,  whether  in  the  metallic  Hate,  or  in 
the  form  of  an  impure  calx,  called  cadmia  fornacum, 
is  obtained  in  the  roafting  of  various  kinds  of  ores 
at  Ramelfburg.  For  this  purpofe,  the  anterior  part 
of  the  furnace  is  kept  cold  by  wetting  it : by  which 
means  the  volatilized  zinc  is  condenfed,  and  falls 
into  a cavity,  containing  charcoal  dull,  which  defends 
it  from  calcination. 

The  procefs  for  obtaining  zinc  from  its  ores  by 
diftillation,  which  is  pradlifed  in  England,  and  faid 
to  have  originally  been  derived  from  the  Chinefe,  is 

performed 


DISTILLING  FURNACE  FOR  ZINC, 
performed  in  a furnace,,  in  the  form  of  a circular  zinc. 
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)ven ; in  which  are  placed  fix  pots,  each  about  four  Dlftlllall0U  ot- 
eet  in  height,  and  of  a conical  fhape,  refembling  an 
>il  jar.  Into  the  bottom  of  each  pot  an  iron  tube 
s inferted,  which  paffes  through  the  floor  of  the 
urnace  into  a veffel  of  water.  Thefe  pots  are  filled 
vith  a mixture  of  calamine  and  charcoal ; and  their 
||  nouths  are  then  clofe  flopped  with  clay.  The  fire 
>eing  then  properly  applied,  the  metallic  vapour  of 
.he  calamine  iffues  through  the  iron  tube,  which  is 
||  he  only  place  where  it  can  efcape.  In  this  way  it  is 
ondenfed  in  fmall  particles  in  the  water ; which  are 
fterwards  melted  into  ingots  for  fale,  under  the  name 
jf  fpelter  *.  The  fubftance  fold  in  London  by  the  Spelter, 
lame  of  fpelter,  is  a kind  of  foft  brafs,  in  a granu- 
ited  form,  which  is  ufed  by  the  braziers  and  others 
or  foldering. 

The  chief  purpofe  to  which  zinc  is  applied  confifts  Ufc  of  zinc, 
i the  fabrication  of  brafs,  and  other  gold-coloured^62^' 

, .fixtures.  Its  calces  and  falts  have  been  occafionally 
:mployed  in  medicine. 


* Watfon’s  Chemical  Eflavs,  vol.  iv. 
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. E G U L U S of  antimony  is  of  a filvery  white 
* colour ; very  brittle,  and  of  a plated  or  fcaly 

texture.  Its  fpecific  gravity  is  moderate.  Soon  after 
ignition  it  melts ; and,  by  a continuance  of  the  heat, 
it  becomes  calcined,  and  rifes  in  white  fumes,  which 
may  afterwards  be  volatilized  a fecond  time,  or  fufed 
into  a hyacinthine  glafs,  according  to  the  manage- 
ment of  the  heat : they  are  called  argentine  flowers  of 
regulus  of  antimony.  In  clofed  veflels,  the  regulus 
rifes  totally  without  decompofition.  This  metallic 
fubftance  is  not  fubjecl  to  ruft  by  expofure  to  air  i 
though  its  furface  becomes  tarniflied  by  that  means. 
Its  calces  are  foluble  in  water ; and,  in  that  refpect, 
refemble  the  calx  of  arfenic,  probably  by  an  approach 
towards  the  acid  ftate. 

Action  of  vitrlo-  Vitriolic  acid,  boiled  upon  the  regulus  of  antimony, 
calcines  the  greater  part,  fo  as  to  render  it  infolu- 
ble;  the  acid  being  at  the  fame  time  decompofed. 
Much  vitriolic  acid  air  efcapes  ; and,  towards  the  end, 
a fmall  quantity  of  fulphur  is  fublimed.  By  walhing 
the  refidue  in  water,  a vitriolic  fait  of  antimony  is 
feparated  from  the  calx,  which  does  not  crvftallize. 

Nitrous  acid  very  readily  attacks  antimony  in  the 
cold.  Molt  part  of  the  metal  is  calcined  by  this 
action  ; but  a portion  is  diflblved,  and  affords  deli- 
quescent cryltals,  decompofible  by  heat.  The  calx 

of 


lie  acid  on  anti- 
mony. 


Nitrous  acid. 
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f antimony  formed  by  this  acid,  is  very  white,  and  antimony. 
ifficult  of  reduftion.  v~ 

Continued  dioeltion  is  required  for  the  folution  of  Solution  of  an- 

. C .1  • • i a r J timony  in  ma- 

egulus  of  antimony  in  the  marine  acid.  A coniine  " rine  acid  : 
able  quantity  is  however  at  length  diffolved ; which 
ffords  very  deliquefcent  cryftals.  This  fait  melts  by 
he  application  of  heat  -,  and  is  decompofed  by  diftilled 
vater,  in  the  lame  manner  as  the  butter  of  antimony, 
rom  which  it  does  not  much  differ. 

Dephlogifticated  or  aerated  marine  acid  diffolves  — in  dephiogif- 

' . ticated  or  aerated 

he  regulus  or  antimony  with  great  facility.  marine  acid  : 

Aqua  regia,  compofed  of  feven  parts  nitrous,  and  — in  aqua  regia, 
one  marine  acid,  diffolves  it  very  readily  -,  but  lets 
fall  a portion  of  white  calx  as  it  cools.  The  folvent 
oower  of  either  of  the  three  ancient  mineral  acids  on 
j :his  femi-metal,  appears  to  be  increafed  by  mixture 
with  any  one  of  the  others. 

Earthy  fubftances  do  not  aft  on  the  regulus  of  anti-  Habitude  of  re- 

. " , , T . . gulus  of  antimo- 

’--nony  in  the  dry  way.  Its  calx,  however,  enters  rea-  njr  witj,  earths . 


with  vitrio- 
lated  tartar. 


tidily  into  the  compofition  of  glafs  ; to  which  it  imparts 
rmore  or  lefs  of  an  hyacinthine  colour.  When  fufed 
with  vitriolated' tartar,  it  converts  it  partly  into  hepar, 
or  liver  of  fulphur  ; which  diffolves  a portion  of  the 
calx  of  antimony:  that  is  to  fay,  the  vital  air  of  the 
acid  calcines  the  regulus  of  antimony,  while  part  of 
the  acid  becomes  converted  into  fulphur;  either  fimply 
by  the  lofs  of  its  vital  air,  or  elfe  by  that  lofs,  together 
with  the  acquifition  of  phlogifton  from  the  regulus. 

Nitre  detonates  very  readily  with  the  regulus  of  Detonation  with 
antimony:  when  equal  parts  of  thefe  fubffances  are  ,ut‘e‘ 
projefted  into  a red  hot  crucible,  the  refidue  of  calx 
and  alkali  is  known  by  the  name  of  diaphoretic  anti- 
7 - mony. 
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mony.  When  the  faline  part  is  wafhed  out  by  hof 
water,  the  refidue  is  called  walhed  diaphoretic  anti- 
mony. The  water  ufed  in  the  wafhing  contains  a 
portion  of  the  calx,  fufpended  by  the  alkali.  This 
may  be  precipitated  by  the  addition  of  an  acid,  and 
has  been  diftingiiifhed  by  the  name  of  cerufe  of  anti- 
mony. 

When  regulus  of  antimony  is  pulverized,  and  accu- 
rately mixed  with  about  twice  its  weight  of  corrofive 
fublimate,  a mutual  aftion  takes  place  with  the  pro- 
duction of  heat  j and,  if  the  mixture  be  diftilled  with 
a gentle  fire,  a thick  fluid  comes  over,  which  con- 
geals in  the  receiver,  or  in  the  neck  of  the  retort, 
and  is  called  butter  of  antimony.  The  refidue  con- 
fifts  of  revived  mercury,  and  fome  regulus  and  calx 
of  antimony.  In  this  experiment,  the  dephlogifti- 
cated  marine  acid  combines  with  the  antimony,  while 
the  mercury  is  revived  ; as  may  be  eafily  explained  on 
either  of  the  two  theories  of  chemiftry.  If  the  com- 
bination of  regulus  of  antimony  and  fulphur  be  ufed 
inftead  of  the  regulus  itfelf,  the  mercury  will  be  ob- 
tained in  the  form  of  cinnabar,  at  a much  greater 
heat  than  is  required  to  fublime  the  butter  of  anti- 
mony.. 

When  butter  of  antimony  is  thrown  into  pure  wa- 
ter, an  abundant  white  precipitate,  or  calx,  falls  down, 
which  is  a violent  emetic,  and  is  known  by  the  name 
of  powder  of  algaroth. 

Nitrous  acid  diflolves  the  butter  of  antimony.  The 
folution,  which  does  not  appear  to  differ  greatly  from 
the  folution  of  the  regulus  in  aqua  regia,  foon  de- 
pofits  a portion  of  calx.  When  an  equal  weight  of 

nitrous 
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Urous  acid  has  been  three  times  diftilled  to  drynefs  antimony. 
-om  butter  of  antimony,  the  refidue,  after  ignition,  v— ^ 

called  bezoar  mineral ; and  fcems  to  be  little  more 
ran  a calx  of  the  metal. 

Sulphur  combines  very  readily  with  the  regulus  of  Combination  of 
itimony,  and  forms  a fubftance  differing  in  no  re-  ^ny  wit^  ful_ 
)eft  from  the  mineral,  or  ore,  to  which  the  name  of  Phur : 
itimony  is  exclufively  appropriated.  One  part  of 
ilphur  completely  mineralizes  four  of  the  regulus. 

Liver  of  fulphur  diffolves  the  regulus  of  antimony,  — w;th  liver  of 
id  affords  an  orange-coloured  precipitate  upon  the  fulphur' 

Idition  of  an  acid. 

Antimony,  or  the  regulus  combined  with  fulphur,  Crude  anti, 
as  a favourite  objedf  of  refearch  in  the  experiments  mony ' 

: the  alchemifts  in  confequence  of  which,  its  prO- 
nrties  are  much  better  known  than  thofe  of  the  pure 
ygulus.  If  this  fubftance  be  heated,  it  melts,  and — its  habitude*  : 
confiderable  portion  of  the  fulphur  flies  off,  at  the 
: me  time  that  the  regulus  becomes  calcined,  and 
.fes  in  white  vapours.  A gentler  heat,  lefs  than  is  by  heat: 
.eceffary  to  fufe  it,  converts  it  into  a grey  calx : 
lis  calx  contains  a portion  of  fulphur.  If  it  be 
r rged  by  a ftronger  heat,  it  melts  into  the  form  of 
.afs,  which  is  more  or  lefs  tranfparent,  according 
)»  the  degree  of  calcination  of  the  metal,  and  the  \ 
'flipation  of  the  fulphur.  When  it  contains  much 
Jphur,  the  glafs  is  fufible,  opake,  and  of  a dark 
-d  colour  •,  whence  it  has  been  called  liver  of  anti- 
iony.  v 

When  acids  are  applied  to  crude  antimony,  they  — with  acids, 
iffolve  the  regulus,  and  leave  the  fulphur.  The 
itrous  acid  is  belt  adapted  to  this  folution. 


Diapho- 
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antimony.  Diaphoretic  antimony  is  moft  commonly  and  ad- 

DiaphoretiTTa-  vantageoufly  prepared  by  detonating  the  crude  anti- 
timony.  mony  with  nitre  inftead  of  the  regulus : the  only 

difference  being,  that  more  nitre  is  required  for  the 
detonation-",  and  that  the  refidue  contains  vitriolated 
tartar,  as  well  as  alkali  and  calx.  - 

There  arc  feveral  preparations,  confifting  of  combi- 
nations of  antimony  with  an  alkali,  in  which  the  pro- 
portions of  the  ingredients,  and  the  ftate  of  the  calx, 
are  very  different,  according  to  the  nature  and  ma- 
nagement of  the  proceffes.  Many  of  thefe  have  been 
highly  praifed  in  medicine  -,  at  the  fame  time  that  they 
have  been  as  ftrongly  exclaimed  againft  for  their  ill 
effects.  Both  thefe  affertions  appear  to  have  been 
well  founded.  It  is  fufficiently  proved  that  antimo- 
nial medicines  have  produced  the  happieft  effects, 
and  are  juftly  entitled  to  be  confidered  as  very  power- 
ful remedies ; but,  on  the  other  hand,  it  is  equally 
certain,  that  their  great  efficacy  mult  have  required 
greater  attention,  in  their  firft  exhibition,  than  per- 
haps may  have  been  paid  •,  and  the  complicated  nature 
of  many  of  the  proceffes  muft  have  rendered  it  very 
difficult  to  produce  fubflances  poffeffing  exactly  the 
fame  properties,  or  proportion  of  component  parts, 
at  all  times. 

If  antimony  be  treated  with  a fixed  alkali,  either  by 
fufion  and  fubfequent  folution  in  boiling  water,  or  by 
fimple  ebullition,  a precipitate  is  afforded  by  cooling, 
which  is  called  kermes  mineral,  formerly  ufed  in  me- 
dicine. It  is  thought  to  confift  of  the  calx  of  antimony, 
in  combination  with  a portion  of  fulphur;  but  its 
component  parts  have  not  been  accurately  determined, 

and 
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m<I  its  properties  differ  according  to  the  various  me-  antimony, 
hods  ufed  in  preparing  it.  v 

The  antimonial  preparations  moft  commonly  ufed  Antimonial  me, 

r . dicines. 

t prefent  are,  antimonial  wine,  and  emetic  tartar. 

'hefe,  like  every  other  preparation  of  this  femi-metal, 
re  prepared  in  a variety  of  ways.  The  wine  may  Emetic  wine. 

>e  had  by  infufmg  pulverized  glafs  of  antimony  in 
Spanifh  white  wine  for  fome  days,  and  then  filtering 
he  clear  fluid  through  paper.  A very  minute  por- 
ion  of  the  calx  is  taken  up  ; and  this  is  greater  or 
efs,  according  as  the  wine  is  more  or  lefs  acid ; and 
jerhaps,  according  to  the  temperature  of  the  weather 
it  the  time  of  adminiflering  it.  On  this  account,  it 
s found  neceflary  to  give  this  medicine  cautioufly, 
ind  by  fmall  portions  at  a time,  when  it  is  intended 
* hat  it  fhall  a£t  as  an  emetic.  The  emetic  or  anti-  Anti moniated 
noniated  tartar  of  the  London  College  is  thus  pre- 
||  iared : — Take  of  crude  antimony  and  nitre  equal 
isl  >arts,  feparately  reduced  to  powder ; mix  them,  and 
njecl  them  into  a crucible  heated  to  whitenefs,  that 
: he  mixture  may  melt  after  deflagration ; pour  it 
out,  and  referve  the  yellow  mafs  beneath  the  fco- 
ite,  under  the  name  of  crocus  of  aflfknony ; reduce 
his  to  a very  fubtile  powder ; boil  it  in  water,  and 
. vafh  the  powder  repeatedly  in  warm  water,  till  it 
oecomes  perfectly  infipid  : then  take  equal  parts,  by 
veight,  of  the  wafhed  crocus  of  antimony  and  of  cryf- 
als  of  tartar,  and  boil  them  together,  in  three  pints 
)f  water  for  every  pound  of  the  mixture,  during  half 
m hour  : filter  the  liquor;  and,  after  due  evaporation,' 

’et  it  by  to  cryftallize. — This  is  the  antimoniated 
ariar.  It  is  a triple  fait,  confiding  of  the  acid  of 

tartar, 
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tartar,  united  to  vegetable  alkali,  and  antimony  par-  [ 
tially  calcined ; and  is  confidered  as  a fafe  medicine, 
whofe  properties  and  effedts  are  more  conftant,  and 
milder,  than  molt  other  antimonial  remedies. 

It  has  not  been  clearly  determined  on  what  circum- 
ftances  the  medical  effedts  of  antimony  depend.  The 
faline  preparations  of  mercury,  and  other  metals, 
are  fuppofed  to  derive  their  caufticity  from  their 
tendency  to  become  reduced  to  the  metallic  (late ; in  ; 
confequence  of  which,  they  corrode  and  decompofe 
other  combultible  fubftances : but  whether  this  be 
the  cafe  with  antimony,  is  doubtful.  It  appears  ne- 
ceiTary,  however,  that  antimony  fhould  be  in  the  faline 
ftate,  in  order  that  it  may  adt  upon  the  animal  fyltem. 

is  made  into  thofe  fmall  balls  or 
pills,  which,  on  account  of  the  little  change  they  un- 
dergo in  palling  through  the  human  body,  have  been 
called  perpetual  pills,  its  purgative  adtion  is  more  or 
lefs  violent,  according  to  the  quantity  of  acid  it  meets 
with;  and,  in  the  preparations  of  this  femi-metal,  their 
effedts  feem  likewife  to  be  governed  by  the  fame  cir- 
cumftance  joined  to  their  refpedtive  degrees 1 of  falli- 
bility. The  nearly  pure  and  infoluble  calx,  produced 
by  detonation  with  a large  proportion  of  nitre,  is 
almolt  ineffectual ; whereas  the  more  foluble  calces  or 
combinations  are  more  or  lefs  adtive,  according  to 
their  refpedtive  nature.  Hence  it  appears  to  follow, 
that  the  fimpleft  faline  combinations  are  the  molt 
likely  to  produce  effedts  conftantly  fimilar ; and  that 
molt  of  the  calces  and  combinations,  fo  highly  ex- 
tolled in  the  earlier  age  of  chemiftry,  are  attended 
\vith  dangerous  uncertainty  in  their  operation. 

Antimony 


When  the  regulus 
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Antimony  combines  with  moll  other  metallic  fub-  antimony. 
fiances,  and  produces  mixtures  whofe  properties  have 
been  attended  to  under  their  refpe£tive  titles. 

Antimony  is  found  either  native,  in  mafles  of  the  Native  antimony 

1 . and  its  regulus. 

regulus,  compofed  of  fhining  irregular  plates  ; or  cai- 
ciform,  in  white  cryftallized  filaments ; or  combined 
with  fulphur,  in  the  dark  blueifh  or  grey  friable 
mineral,  called  antimony,  confilting  molt  commonly 
of  brilliant  filaments  difpofed  parallel  to  each  other ; 
or,  laftly,  combined  with  fulphur  and  arfenic,  in  an 
ore  which  greatly  refembles  the  foregoing,  except  that 
it  is  of  a red  or  reddifh  colour. 

Native  regulus  of  antimony,  or  its  calx,  may  be  Humid  analyfis. 
aflayed  by  nitrous  acid,  which  diflolves  whatever  arfe- 
nic it  may  contain,  and  only  calcines  the  antimony. 

The  fulphureous  antimonial  ores  are  moll  conveniently 
analyfed  by  aqua  regia,  which  takes  up  the  calx,  and 
leaves  the  fulphur,  which  may  be  feparated  by  filtra- 
tion. The  remaining  iolvent  may  be  examined  with 
the  ufual  precipitants.  In  the  dry  way,  antimony  is  Dry  way. 
feparated  from  its  llony  parts  by  fufion  in  a moderate 
heat,  nearly  in  the  fame  manner  as  bifmuth  ; and  may  page  3S2. 
be  reduced,  by  llowly  roalting  it,  till  it  becomes  con- 
verted into  a grey  calx,  which  may  be  bfilkly  fufed 
with  twice  its  weight  of  black  flux. 

Antimony  and  its  regulus  are  chiefly  ufed  in  me-  Ufes. 
dicine,  and  in  fome  metallic  alloys,  fuch  as  that  ufed 
for  printers  types,  fmall  fhot,  See. 
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CHAP.  XV. 


CONCERNING  MANGANESE. 


MANGANESE. 


Characters  of 
manganefe. 


H E regulus  of  manganefe  is  a femi-metal  of  a 
dull  whitifh  colour  when  broken,  but  foon. 
grows  dark  by  calcination  from  the  a&ion  of  the  air. 
It  is  hard,  brittle,  though  not  puiverable,  and  rough 
in  its  fracture  •,  fo  difficultly  fufible,  that  no  heat  yet 
exhibited  has  caufed  it  to  run  into  maffcs  of  any  con- 
fiderable  magnitude ; and  appears  to  be  more  difpofed 
to  calcination  than  any  other  metallic  fubftance,  un- 
lefs  we  may  except  wolfram.  Its  calces  are  white  when 
imperfect ; but  black,  or  dark  green,  when  perfect : 


the  white  are  foluble  in  acids.  When  broken  in 


pieces,  it  falls  into  a powder  by  fpontaneous  calcina- 
tion •,  and  this  powder  is  magnetic,  though  the  makes 
were  not  -poflerfled  of  that  property.  It  feems  as  if 
the  regulus  of  manganefe  were  capable  of  depriving 
a fmail  proportion  of  iron  of  its  magnetifm  ; but  that 
the  effect  ceafes  as  foon  as  that  regulus  is  converted 
into  calx.  A ftrong  heat  expels  vital  air  from  the 
calx  of  manganefe. 

Concentrated  vitriolic  acid  attacks  the  regulus  of 
manganefe,  but  much  more  readily  when  diluted  with 
two  or  three  times  its, weight  of  water;  at  the  fame 
time  that  inflammable  air  is  difengaged.  A black 
fpongy  fubftance  remains  undifl'olved,  which  has  not 
•been  examined.  The  folution  is  colourlefs,  and  affords 

crvftals 


\ 


SOLUBILITY  OF  THE  CALX  OF  MANGANESE.  3 §7 

cfyftals  by  evaporation.  Mild  alkalis  precipitate  a manganese. 
white  calx,  foluble  in  acids ; but  pure  alkalis  afford  a 
brown  calx,  which  foon  grows  black  in  the  air,  and  is 
fcarcely  foluble.  The  black  calx  of  manganefe,  when  Black  cals,  of 

mahganefc. 

old,  or  well  made,  is  altogether  infoluble  In  acids, 
unlefs  fome  combuftible  fubffance  be  added.  It  ap- 
pears therefore  that  the  metal  in  this  date  is  too  far 
calcined,  and  requires  to  be  reduced  again  in  a certain 
degree  towards  the  metallic  date*  to  be  diffolved.  If 
vitriolic  acid  be  added,  and  drawn  off  by  didillation 
Cevcral  times  from  the  black  calx,  by  an  heat  nearly 
approaching  to  ignition,  in  a glafs  yeffei  5 it  is  found 
that  vital  air  is  difengaged  towards  the  end  of  each  Theory, 
procefs,  and  part  of  the  calx  is  diffolved.  The  folu- 
ticn  of  the  calx  in  acids,  by  the  addition  cf  com- 
budible  matter,  is  eafily  accounted  for,  on  either  of 
the  theories  of  chemidry,  by  affirming  that  the  reduc- 
tion is  effefted  by  the  addition  of  phlogidon,  or  the 
fubtradfion  of  vital  air  from  the  calx  by  means  of  the 
combudible  fubdance.  The  phlogidic  theory  ap- 
pears however  to  be  deficient,  in  explaining  the  dilu- 
tion by  mere  vitriolic  acid,  at  an  elevated  tempera- 
ture *,  on  account  of  the  abfence  of  phlogidon  ; but 
the  new  theory  fimply  afferts  the  faffs,  that  the  calk 
iofes  vital  air  in  confeauence  of  the  elevated  tempe- 
rature, and  is  rendered  foluble  in  the  acid. 

Bergman,  ii.  215  (on  the  hypqthefis,  that  heat  is  matter;  that 
this  matter  confifts  of  pure  air  united  to  phlogifton;  and  that 
manganefe  decompofes  the  heat),  derives  the  phlogifton  required 
for  the  folution,  as  well  as  the  vital  air  which  flies  off,  from  v 
this  dccotnpofition.  Thefe  pofltions  did  nor  appear  fufficiently 
grounded  to  enter  the  text. 


G e 2 


Nitrous 
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manganese.  Nitrous  acid  diffolves  the  regulus  of  manganefe 

Solution  of  re-  effervefcence,  and  the  efcapc  of  nitrous  air.  A 

gums  of  man-  fpongv,  black,  and  friable  matter  remains,  whofc 

ganefe  in  nitrous  r c ' 

acid:  properties  refemble  molybdena.  The  folution  does 

not  afford  cryftals.  The  perfedt  calx  is  not  foluble 

in  paie  nitrous  acid,  unlefs  fome  combuftible  matter 

be  added. 

— in  marine  The  regulus  is  diffolved  in  the  ufual  manner  by 
marine  acid.  The  black  calx  is  llkewife  foluble ; 
but  adheres  fo  weakly  to  the  acid,  as  to  be  fepa- 
rated  even  by  the  mere  addition  of  water : but,  if 
this  folution  be  expofed  to  a digefting  heat  for  fome 
hours,  an  inteftine  motion,  like  an  efFervefcence, 

takes  place  ; the  fmell  of  dephlogifticated  or  aerated 
acid  is  perceived ; and  the  combination  becomes 
more  perfedf,  fo  as  not  to  afford  a precipitate,  un- 
lefs an  alkali  be  added.  Marine  acid  diffolves  the 
black  calx  alfo,  by  the  addition  of  a combuftible 
fubftance.  Mercury,  and  even  gold,  will  effedl  this 
combination.  The  folution  of  maniranefe  in  marine 

O 

acid  fcarcely  affords  cryftals,  but  a deliquefcent 
faline  mafs  by  evaporation,  which  is  foluble  in  ardent 
fpirit. 

Explanation.  In  the  permanent  folution  of  black  calx  of  manga- 
nefe  by  marine  acid,  it  is  feen  that  the  acid  itfelf 
muft  communicate  the  property  to  the  calx,  on  which 
its  folubility  depends  ; that  is  to  fay,  it  muft  either 
Page  176—180.  afford  phlogifton,  or  abforb  vital  air  : and  accord- 
ingly, the  red  vapours  which  efcape  are  diftinguifhed 
by  the  name  of  dephlogifticated,  or  aerated,  marine 
acid,  according  to  the  theory  which  may  be  adopted 
by  the  fpeaker. 

1 Other 
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Other  acids  likewife  difi'olve  this  metallic  fubftance.  manganese. 
The  fluor  acid,  and  alfo  the  phofphoric  acid,  form  V ^ J 
compounds  of  difficult  folubility,  which  envelope  and 
defend  it  from  their  farther  adtion  in  a fhort  time. 

In  the  drv  way,  the  calx  of  mangariefe  combines  Combinations  of 

1 1 calx  of  manga- 

with  fuch  earths  and  faline  fubftances  as  are  capable  nefe  in  the  dry 
of  undergoing  fufion  in  a ftrong  heat.  Thefe  expe- 
riments  are  mod;  advantageoully  performed  by  the 
blow-pipe,  on  fmall  quantities  of  matter ; becaufe, 
in  this  way,  the  whole  of  the  phenomena  are  clearly 
feen.  The  mod  remarkable  property  of  the  folutions 
is,  that  a due  proportion  of  combuftible  matter  renders 
them  colourlcfs;  for  which  reafon,  the  calx  of  man- 
ganefe  is  ufed  by  the  glafs  manufadturers,  to  deftroy 
the  colours  of  glafs.  If  a globule  of  microcofmic  Page  209. 
fait  be  fufed  by  the  blow-pipe  upon  charcoal,  and 
a fmall  portion  of  the  black  calx  of  manganefe  be 
added,  the  colour  will  be  of  a blueifh  red ; or 
of  a deep  red,  if  the  quantity  of  calx  be  greater.  If 
the  fufion  be  continued  by  the  interior  blue  flame,  Page  44. 
the  colour  at  length  difappears ; but  may  be  eafily  Changes  of  co- 
revived again,  by  foftening  the  globule  with  theex-lom‘ 
terior  flame.  A fmall  particle  of  nitre  inflantly  re- 
ftores  the  red  colour ; but  inflammable  matter,  or 
vitriolic  falts,  contribute  to  difcharge  it.  If  the  glo- 
bule, after  being  deprived  of  all  colour,  be  fufed  in 
the  filver  fpoon,  it  recovers  its  rednefs  ; and  the  colour 
is  not  difeharged  by  any  management  of  the  fufion, 
unlefs  fome  inflammable  matter  be  added.  , 

Thefe  remarkable  changes  of  colour,  which  may  be  Explanation, 
repeatedly  produced,  depend  evidently  on  the  prefence 
»r  abfence  of  combuftible  matter  *,  or,  which  amounts 

C c 3 to 
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MANOAVESE. 


Explanation  of 
the  changes  of 
colour  in  glaffes 
which  contain 
rnan^angfe. 


Theories. 


Combination 
with  fulphur. 


to  the  fame  thing,  on  the  degree  of  calcination  of  the 
manganefe  v/hich  is  held  in  folutiofi.  When  the 
highly  calcined  or  black  manganefe  is  firft  added,  it 
prodOces  a coloured  globule ; if  inflammable  fnaftcr 
be  added,  the  calx  is  partly  reduced,  and  forms  a co- 
lourlefs  combination.  Nitre  reftores  the  colour  by  its 
well-known  property  of  calcining  metals.  When  the 
fufion  is  performed  by  the  interior  flame,  the  globule 
may  be  confidered  as  if  heated  in  a clofe  veflel,  irl 
contafb  with  charcoal ; becaufe  the  furrounding  flame 
prevents  the  accefs  of  air  : a revival  o'f  the  calx  there- 
fore enfues,  and  the  colour  vanifhes.  But  when  the 
external  flame  is  ufed,  its  apex,  or  point  only,  touches 
the  globule ; and  the  furrounding  air  promotes . or 
maintains  the  calcination  more  effectually  than  the 
charcoal  can  produce  the  contrary  effect : the  confe- 
quence  therefore  is,  that  the  colour  again  appears. 
Vitriolic  falts  feem  to  forward  the  action  of  the  char- 
coal, which  converts  them  into  fulphur ; and  the 
colour  remains  fixed  in  the  fpoon,  becaufe  there  is  no 
combuftible  fubltance  prefent,  v/hich  is  fufficiently  fo 
to  promote  the  revival  of  the  calx.  It  is  evident  that 
both  the  theories  of  chemiftry  are  applicable  to  thefe 
fact's,  whether  the  charcoal  revives  the  calx  by  phld- 
gifticating  it,  or  by  depriving  it  of  its  vital  air; 
or  whether  the  calcination  by  |he  apex  of  the  flame 
be  effefted  by  the  diflipation  of  phlogifton,  or  by  the 
abforption  of  vital  air  from  the  atmofphere. 

Nearly  fimilar  changes  are  produced  when  the  calx 
is  fufed  with  borax,  or  an  alkali. 

Regulus  of  manganefe  does  not  appear  to  combine 
with  fulphur ; but  eight  parts  of  the  calx  combine 

with 
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with  three  of  fulphur,  and  produce  a yellowifli  green  iuanganesf.. 
mafs,  which  is  acted  upon  by  acids 3 the  metal  being  ^ v J 
difiblved  with  effervefcence,  and  the  difengagement  of 
hepatic  air.  The  remaining  fulphur  may  be  collected 
4?n  a filter. 

This  femi -metal  melts  readily  with  raoft  of  the  Metallic  combi- 

. ^ i j j • nations  of  man- 

other  metals,  but  rejects  mercury.  Gold  and  iron  gancfe. 

are  rendered  more  fufible  by  a due  addition  of  manga- 
nefe  ; and  the  latter  metal  is  rendered  more  ductile. 

Copper  becomes  lefs  fufible,  and  is  rendered  whiter, 
hut  of  a colour  fubjedt  to  tarnifh  *. 

ft  eg  ulus  of  manganefe  has  been  found  native  among  Native  manga - 
tire  powdery  or  calciform  ore  of  this  metallic  fub-  ncfeaiKi  lb  orc°‘ 
fiance.  Its  properties,  in  this  ftate,  perfectly  refera- 
ble tire  regul'us  produced  by  art.  Manganefe  ap- 
pears to  exift  in  the  calcined  ftate  in  all  its  ores  ; 
though  contaminated  with  admixtures  of  earths,  or 
other  metallic  matters.  They  are,  white,  red,  brown, 
or  black ; either  pulverulent,  indurated,  or  cryftal- 
lized.  Vegetable  allies  likewife  afford  indications  of 
manganefe. 

To  analyfe  the  ores  of  manganefe  in  the  humid  Humid  analyfis. 
way,  they  muft  be  reduced  to  a fubtile  powder,  and 
immerfed  in  a mineral  acid,  with  a piece  of  fugar 
to  aflift  the  folution.  If  nitrous  acid  be  repeatedly 
abftradted  to  ignition  from  the  ore,  the  iron  it  con- 
tains will  be  rendered  nearly  infoluble  from  calcina- 
tion ; and  the  manganefe  may  be  taken  up  by  ftrong 
concentrated  vinegar,  or  diluted  nitrous  acid.  This, 
when  precipitated  by  mild  mineral  alkali,  affords  180 

* Annales  de  Chnnie,  i.  303. 
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Spontaneous  in- 
flammation of 
black  wadd. 


manganese,  grains  of  precipitate  for  every  ioo  grains  of  regulus : 
or  if  the  metals  be  precipitated  from  fuperabundant 
nitrous  acid,  by  Pruffian  alkali,  the  manganefe  will  be 
totally  diffolved  by  pure  water,  while  the  iron  remains 
behind. 

The  ore  of  manganefe,  which  is  known  in  Derby- 
fhire  by  the  name  of  black  wadd,  is  remarkable  for 
its  fpontaneous  inflammation  with  oil.  It  is  of  a 
dark  brown  colour,  of  a friable  earthy  appearance, 
partly  in  powder,  and  partly  in  lumps.  If  half  a 
pound  of  this  be  dried  before  a lire,  and  afterwards 
fufFered  to  cool  for  about  an  hour ; and  it  be  then 
loofely  mixed  or  kneaded  with  two  ounces  of  linfeed 
oil ; the  whole,  in  fomething  more  than  half  an  hour, 
becomes  gradually  hot,  and  at  length  burfts  into 
flame.  This  effect  wants  explanation.  It  feems,  in 
fome  meafure,  to  refemble  the  inflammation  of  oils 
by  the  nitrous  acid. 

The  prefence  of  manganefe  may  be  afeertained  in 
the  dry  way,  by  the  blow-pipe,  from  the  Angular 
changes  of  colour  already  deferibed,  when  fufed  with 
microcofmic  fait,  or  borax.  The  reduction  of  the 
ore  is  effedled  by  mixing  it  with  pitch,  making  it 
into  a ball,  and  putting  it  into  a crucible  lined  with 
powdered  charcoal,  one  tenth  of  an  inch  thick  at  the 
fides,  and  one  quarter  of  an  inch  thick  at  the  bottom ; 
then  filling  the  empty  fpaces  with  powdered  charcoal, 
and  luting  on  a cover.  This  mull  be  expofed  to  the 
ftrongeft  heat  of  a forge,  or  furnace,  for  an  hour, 
or  more.  As  the  calx  of  manganefe  is  ftrongly  dif- 
pofed  to  vitrification,  fluxes  rather  impede  than  for- 
ward the  reduction.  The  reduced  globules  of  man- 
ganefe 


Page  165. 


Reduction  of 
manganefe. 
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anefe  are  ufually  enveloped  with  a vitrified  cruft,  manganese. 
hich  either  partly,  or  completely,  defends  them  from  SpeedyVcaic"ina 
,.e  a&ion  of  the  air;  but,  when  they  are  broken, tion- 
t ey  lofe  their  metallic  brilliancy  and  confiftence  in  a 
ry  fhort  fpace  of  time. 

Manganefe  has  hitherto  been  ufed  chiefly  by  glafs-  ufes  of  manga- 
:.kers  and  potters ; but  the  important  difeoveries  of 
-S  ufes  of  dephlogifticated  or  aerated  marine  acid  Page  176. 

11,  no  doubt,  extend  its  utility  to  feveral  other  ma- 
.iadtories  *. 

On  manganefe,  confult  Scheele,  67 — 142  ; Bergman,  li. 

[ — 225;  the  Memoirs  of  Pelletier,  Bcrthollet,  &c. ; and  the 
ftracts  by  Elementary  Writers  on  Mineralogy. 
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Rage  216. 


The  yellow  matter,  or  calx  of  wolfram,  turns  blu 


Characters  and 

habitudes  of  the  ^ ..  . . . r , .c  , 

calx  and  reguius  by  expoiure  to  light  i and  more  intensely,  it  to  th 

pi  w oi  11  an>.  light  of  the  fun.  By  a ftrong  heat  in  a covered  cn 


wolfram.  rpUNGSTEN  and  wolfram  have  already  beer 
' ” J treated  of  in  the  fection  on  acids;  and  the  [ ¥ 

combinations  of  metals  with  the  reguius  of  wolfran 
have  been  occafionally  mentioned  under  their  refpec- 
tive  heads.  Little  elfe  remains  therefore  to  be  fait 
of  this  metallic  fubtlance,  than  to  fpecify  its  genera  ; 
characters. 


cible,  it  becomes  of  a blueifh  black  colour,  with  lof 
of  weight ; which  it  recovers,  together  with  its  orig 
nal  yellow  colour,  by  calcination,  with  accefs  of  ai 
Thefe  changes  to  the  blue  colour  appear  therefo: 
to  be  partial  reductions  *.  One  hundred  grains 
the  yellow  calx,  or  acid,  being  put  into  a crucibll 
with  charcoal  powder,  well  covered,  and  expofed  t 
a ftrong  heat,  became  converted  into  a button  of 
dark  brown  colour,  and  friable,  with  a diminution 
forty  grains  of  the  original  weight.  Its  fpecific 
vity  was  17.6-,  and,  upon  examination  with  a gla 
a congeries  of  metallic  globules  was  feen,  fome 
them  of  the  fize  of  a pin’s  head  5 which,  when  brok 
exhibited  a fracture  refembling  fteel.  Part  of  this  nr 


De  Luyarts  on  Wolfram,  page  58. 
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ing  calcined,  became  yellow  as  at  firft,  and  gained  wolfram. 
venty-four  per  cent,  in  weight.  It  was  not  foluble  1 H-abi aides' 
vitriolic  or  marine  acid  ; but  the  nitrous  acid,  and 
ua  regia,  converted  it  again  into  the  yellow  calx, 
le  yellow  calx  itfelf  could  not  be  vitrified.  Acetous 
id  converted  the  yellow  colour  to  a blue. 

When  equal  parts  of  fulphur  and  the  yellow  calx  —with  fulphur. 
ere  urged  by  a ftrong  heat,  a blue  friable  mafs  re- 
amed, weighing  lefs  than  one-fourth  of  the  whole. 
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MOLYBDENA. 


• A JR  OLYBDENA,  like  manganefe  and  wolfram. 
Characters  of  has  not  been  reduced  into  mafles  of  any  con- 

lybdena°f  m°’  flderaWe  magnitude  j but  has  been  obtained  only  ini 
fmall  feparate  globules,  in  a blackifh  brilliant  mafs„ 
It  has  been  revived  by  a procefs  fimilar  to  that  by| 
which  regulus  of  manganefe  is  obtained ; but  it  re-+ 
quires  a moll  extreme  degree  of  heat  for  that  purpofe.j 
The  globules  are  grey,  brittle,  and  extremely  infufible 
By  heat  it  is  converted  into  a white  calx,  which  rifes 
in  brilliant  needle-formed  flowers,  like  thofe  of  anti- 
mony. Nitrous  acid  readily  calcines  and  acidifies  the 
regulus.  Nitre  detonates  with  it,  and  the  remaining 
alkali  combines  with  its  calx. 

Detonation  with  nitre  decompofes  the  native  mo- 
lybdena  ; but  folution  in  nitrous  acid  is  the  readieft  j 
See  aifo  p.  215.  way  to  procure  the  acid  of  this  fubftance.  Pruflian  j 
alkali,  and  alfo  infufion  of  galls,  precipitate  the  acid 
from  its  folutions.  When  acid  of  arfenic  is  heated 
with  molybdena,  it  converts  part  of  the  fulphur  into 
volatile  vitriolic  acid ; which  comes  over,  and  com- 
bines with  another  portion,  with  which  it  rifes  in 
the  form  of  orpiment.  No  other  acids  but  the  ni- 
trous and  arfenical  have  any  action  on  crude  mo- 
lybdena. 
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The  regulus  of  molybdena  unites  with  feveral  of  molybdena. 
; metals,  and  forms  brittle  or  friable  compounds.  V v ' 
This  mineral  is  fcarce.  It  is  diftinguifliable  from  Diftinaive  cha- 
ck  lead  by  its  more  thining  fcaly  appearance,  and  raders’ 

..  irks  paper  with  a more  brilliant  ftroke  j and,  as  it 
-enables  no  other  fubftance,  it  does  not  require  to 
aflayedf 
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CONCERNING  URANITE,  OR  URANIUM* 


METALLIC 

SUBSTANCES. 

V. 


^ | 'HE  celebrated  profeffor  Klaproth  has  dete&ed 
a new  metallic  fubftance  in  the  mineral  ufually 


i 


Defcription  of 
pitch-blende. 
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Uranite,  or  ura-  diftinguifhed  by  the  name  of  pech-blende,  or  pitch- 
blende,  and  ranged  among  the  ores  of  zinc.  As  it  is 
not  reducible  but  with  the  moil  extreme  difficulty, 
and  then  only  into  minute  grains,  it  appears  of  little 
confequence  to  enter  into  any  formal  defcription  of 
its  metallic  ft  ate  : for  which  reafon,  I {hall  follow 
the  order  of  the  profeffor’s  analyfis  in  the  prefent 
chapter  *. 

The  pitch-blende,  or  ore  of  uranite,  is  found  in 
maffies,  or  elfe  ftratified  with  other  earths  or  minerals 
in  the  Swedifh  and  Saxon  mines.  It  confifts  of  two 
varieties : the  firft  in  maffies  of  a blackiffi  colour,  in- 
clining to  a deep  fleel  grey,  of  little  brilliancy;  its 
fradfure  is  unequal  and  concave  in  the  fmalleft  parts. 
It  is  perfectly  opake,  conliderably  hard,  and  becomes 
convertible  into  a black  powder  by  trituration.  Its 
mean  fpecific  gravity  is  about  7.5.  The  fecond  va- 
riety is  ufually  found  in  ftrata,  and  is  diftinguilhed 
from  the  former  by  a deeper  black  colour,  intermixed 
with  fpots  of  red ; its  colour  is  more  {hilling,  and 
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pproaches  that  of  coal ; it  is  lets  hard,  and,  when-  metallic 
ulverized,  it  has  a greemfh  tinge.  ^ 

This  mineral  fullers  no  change  before  the  blow-  Habitudes  bj 
*pe.  With  mineral  alkali  it  affords  a fpongy,  femi- 
pake,  grey  globule.  With  microcofmic  fait  it  melts, 
ad  affords  a green  tranfparent  globule  ; and  in  both 
lere  are  fometimes  feen  fmall  globules  of  reduced 
:ad.  When  the  mineral  is  heated  alone,  in  a proper 
effel,  it  gives  out  fulphureous  acid  and  fulphur,  with 
)fs  of  weight ; but  if  be  afterwards  kept  ignited  for 
considerable  time  beneath  a muffle,  it  gains  fome 
'■eight  by  calcination. 

The  vitriolic  acid  acls  very  imperfectly  upon  pitch-  Aftion  of  adds 

. , . . . . , tit  . on  pitch-blende., 

lende ; but  nitrous  acid  completely  aecompofes  it, 
olding  moft  part  in  folution,  while  a fmall  propOr- 
ion  of  fulphur,  and  fome  filiceous  earth,  fall  down. 

Jdarine  acid  acts  but  imperfectly  upon  it;  but  aqua 
,egia  diflolves  it,  as  well  as  the  pure  nitrous  acid. 

| i .'his  folution,  after  it  had  depofked  a fmall  quantity 
nrf  corneous  lead,  afforded  large  tranfparent  cryftals 
r»y  repofe  in  the  cold,  which  were  of  a faint  yellowifh 
green  colour,  and  of  a figure  not  eafy  to  be  afcer- 
ained. 

It  was  remarkable,  that  this  fub fiance  was  not  Precipitates, 
irecipitable  from  its  folvents  either  by  iron  or  zinc ; 
out  volatile  Ever  of  fulphur  threw  down  a brownifh 
/ellow  precipitate.  Nut-galls  did  not  precipitate  any 
fling,  unlefs  the  fuperabundant  acid  were  neutralized 
jy  an  alkali ; and,  in  this  cafe,  the  precipitate  by  galls 
was  of  a chocolate  brown. 

A diftinftive.  criterion  of  this  metallic  fubftance  Precipitates, 
was,  its  brownifh  red  colour  when  feparated  by  Pruf- 
3 fian 
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metallic  fian  alkali;  a circumflance  indeed  common  alfo 
subs  rANCF.s.  tQ  COpper  . |3Ut  jafl.  metai  faus  down  in  flocks, 

whereas  the  former  is  uniformly  feparated  through 
the  whole  fluid.  Volatile  alkali  ufually  precipitates 
it  of  a yellow  colour,  more  or  lefs  obfcure,  according 
to  the  purity  of  the  mineral,  or  of  the  alkali.  The 
two  fixed  alkalis,  when  pure,  precipitate  it  completely 
in  the  form  of  a lemon-coloured  calx.  Mild  alkalis 
afford  a paler  calx. 

Yellow  calx  of  The  yellow  precipitate  is  very  foluble  in  acids, 
pitcli-blende.  A 1 1 

and  affords  cryffals  by  combination  with  the  vitriolic 
and  acetous  acids.  Phofphoric  acid  affords  yellowifh 
irregular  flocks,  fparingly  foluble  in  water.  Alkalis 
do  not  diffolve  the  yellow  matter  either  in  the  dry 
or  humid  way. 

Redudtion.  Various  attempts  were  made  by  the  difcoverer  to 
revive  it  to  the  reguline  ftate.  He  triturated  it  with 
linfeed  oil  to  the  confiflence  of  a pafte,  burned  the 
oil  in  a roafting  teff,  then  placed  the  remaining 
black  powder  in  a crucible  lined  with  charcoal,  and 
well  covered,  and  expofed  it  to  a violent  heat ; which 
operated  a reduction  of  manganefe  in  another  cru- 
cible, but  produced  no  other  change  in  the  calx  of 
uranite  than  to  render  it  foluble  in  nitrous  acid, 
with  effervefcence,  heat,  and  efcape  of  nitrous  air. 
This  altered  calx  was  then  put  into  an  affayer’s  teft, 
covered  with  borax,  and  mixed  with  charcoal,  and 

i 

the  lid  luted  on.  The  heat  of  a porcelain  furnace 
reduced  it  into  a coherent  mafs,  conflfling  of  very 
fmall  metallic  globules  agglutinated  together. 
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CHAP.  I. 


OF  MINERAL  COMBUSTIBLE  BODIES. 


MIE  inflammable  fubftances  found  in  the  mineral  mineral 
■I*  kingdom  are — i.  Inflammable  air,  called  fire-  C°™***Tl 

u SLE  S. 

< damp  in  the  mines.  2.  Hepatic  air,  which  abounds  v v -■» 
in  many  hot  baths,  in  mines,  and  in  the  neighbour-  Enumerati0ii* 

! hood  of  volcanos.  3.  Naptha;  a fine  thin,  fragrant, 
icolourlefs  oil,  which  iflues  out  of  white,  yellow,  or 
black  clays  in  Perfia  and  Media.  This  is  highly  in- 
flammable, and  is  not  decompofed  by  diftillation.  It 
diflolves  refins,  and  the  eflential  oils  of  thyme  and 
1 lavender ; but  is  not  itfelf  foluble  either  in  fpirit  of 

D d wine 


enumeration  oe 


wine  or  aether.  It  is  the  lighted:  of  all  the  denfe 
fluids ; its  fpecific  gravity  being  0.708.  4.  Petro- 

leum, which  is  a yellow,  reddifh,  brown,  greenilh, 
or  blackifh  oil,  found  dropping  from  rocks,  or  ifluing 
from  the  earth,  in  the  duchy  of  Modena,  and  ip 
various  other  parts  of  Europe  and  Afla.  This  like- 
wife  is  infoluble  in  fpirit  of  wine  ; and  feems  to  con- 
fift  of  naptha,  thickened  by  expofure  to  the  atmo- 
fphere.  It  contains  a portion  of  the  acid  of  amber. 
Barbadoes  tar.  5.  Barbadoes  tar,  which  is  a yifeid,  brown,  or  black 
inflammable  fubftance,  infoluble  in  fpirit  of  wine,  and 
containing  the  acid  of  amber.  This  appears  to  be 
.Afphaltum.  the  mineral  oil  in  its  third  ft  age  of  alteration.  6.  Af- 
phaltum  is  a fmOoth,  hard,  brittle,  inflammable  fub- 
ftance, which  melts  eafily,  and  burns  without  leaving 
any  afhes,  if  it  be  pure.  It  is  flightly  and  partially 
Mineral  tallow.  adled  on  by  fpirit  of  wine  and  aether.  7.  Mineral 
tallow,  which  is  a white  fubftance  of  the  confidence 
of  tallow ; and  as  greafy,  though  more  brittle.  It 
was  found  in  the  fea  on  the  coafts  of  Finland,  in 
the  year  1736;  and  is  alfo  met  with  in  fome  rocky 
parts  of  Perfia.  It  is  near  one  fifth  lighter  than  tal- 
low ; burns  with  a blue  flame  and  a fmell  of  greafe, 
leaving  a black  vifeid  matter  behind,  which  is  more 
Jet.  difficultly  confumed.  8.  Jet,  which  is  much  harder 
than  afphaltum ; fufceptible  of  a good  poliffi,  and 
glafly  in  its  fradlure.  It  is  highly  eledlrical,  fufible  in 
a moderate  heat,  and  infoluble  in  fpirit  of  wine. 
Pit  coal.  9.  Pit  coal.  Of  this  there  are  many  varieties : they 
appear  to  confift  of  petroleum,  confolidated  with  an 
feat.  earth,  chiefly  of  the  argillaceous  kind.  10.  Peat  is  a 
black  inflammable  earth,  which  is  of  a vifeid  confid- 
ence 
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cnee  when  frefh,  but  hardens  by  expofure  to  the  air.  mineral 
II.  Turf  confifts  of  mould,  interwoven  with  the  roots  COMBUSTIt 

7 BLES. 

01  vegetables.  12.  Amber  has  been  already  treated  1 j 

of  (198).  It  is  infoluble  in  water,  and  in  fpirit  ofTurf*  Ambeiv 
wine ; and  no  other  acid  but  the  vitriolic  diffolves  it. 

By  diftillation  it  affords  a fmall  portion  of  water,  an 
oil  of  the  nature  of  petroleum,  and  a peculiar  acid. 

13.  Sulphur  is  very  abundant  in  the  mineral  kingdom,  Sulphur. 

| It  has  before  paffed  under  our  obfervation,  on  account 

of  its  affording  the  vitriolic  acid  by  combuftion. 

14.  Plumbago,  or  black  lead.  Plumbago, 

When  we  attend  to  the  inflammable  fubftances  General  obfer- 

; found  in  the  earth,  or  in  the  mineral  kingdom,  we  combuftib'ieVubT 
: may  perceive  that  very  few,  and  mod  probably  none  ^"c“inf°ruajd  m 
i of  them,  can  be  truly  faid  to  belong  to  it ; but  have  kingdom- 
been  elaborated  in  the  bodies  of  animals  or  vegeta- 
bles. From  the  turf  that  is  pared  from  the  furface 
of  the  earth,  and  owes  its  inflammability  to  the  roots 
It  of  vegetables  which  are  mixed  with  it,  we  may  de- 
fend to  the  peat,  or  black  earth,  of  the  moors ; in 
nany  fpecimens  of  which,  vegetable  remains  are 
dill  perceptible ; though  in  molt  they  appear  to  be 
ieprived  of  every  appearance  of  their  organic  texture, 
heir  oily  and  inflammable  nature  only  remaining  ; 
md  from  thence  the  tranfition  to  pit-coal  is  eafy. 

•H°r  if  we  reflet!  on  the  vaft  revolutions  which  the 
:arth  has  certainly  undergone  through  a long  courfe 
)f  ages,  by  means  of  which  its  furface  has  been 
>roken,  difplaced,  and  inverted,  from  the  actions  of 
loods,  earthquakes,  and  the  great  convulfions  of  na- 
ure  caufed  by  volcanic  eruptions,  it  will  be  no  im- 
•robable  inference,  that  the.  thin,  though  extenfive, 
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mineral  ftrata  of  pit  coal,  as  w.ell  as  the  exfudations  of  nap- 
combusi  1-  pet;roieum}  and  their  modifications,  have  all  arifen 

1 ^ j from  the  burying  of  extenfive  woody  tracts  of  the 

General  obferva-  furface  fuch  as  are  common  in  all  uncultivated  coun- 

tions  on  the  com-  7 

buftible  matter  tries.  And  this  probability  will  be  reduced  to  a cer- 

found  in  the  mi- 

acral  kingdom,  tainty,  when  we  jjdvert  to  the  natural  hiftory  of  pit 
coal,  which  is  met  with  in  all  the  various  ftates  of 
transformation.  Whole  trees  are  converted  into  pit 
coal,  in  fuch  quantities  together  as  to  exhibit  entire 
forefts  j in  which  the  roots,  trunks,  branches,  bark, 
and  even  fpecies,  are  difcernible.  Coal-pits  and  {late, 
quarries  exhibit  innumerable  marks  of  impreflions  of 
leaves,  and  other  indications  of  their  vegetable  origin  *, 
and  the  analyfis  of  this  combuftible  fubftance  tends 
dill  further  to  confirm  this  truth.  On  the  other  hand* 
if  we  attend  to  fuch  inferences  as  chemical  theory 
might  point  out  from  the  fa£ts  around  us,  we  {hall 
fee  how  fmall  the  probability  is,  that  the  mineral 
kingdom  fhould,  after  a certain  limited  time,  contain 
inflammable  bodies,  if  they  were  not  occafionally 
thrown  into  it,  in  confequence  of  the  operations  car- 
ried on  within  organized  fubftances.  For  all  inflamma- 
ble fubftances,  tending  to  decompofe  the  vital  air  of 
the  atmofphere,  would,  in  procefs  of  time,  revert  to 
the  clafs  of  uninflammable  bodies,  if  the  operation  of 
organized  bodies,  particularly  of  the  vegetable  kind, 
did  not  tend  to  difengage  the  vital  air  again,  and 
render  bodies  combuftible,  which  were  not  fo  when 
they  became  parts  of  thofe  fubftances, 
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CHAP.  II. 


CONCERNING  THE  DIAMOND. 

rP  H E diamond  is  a mineral  which,  on  feveral  diamond. 

accounts,  appears  worthy  to  compofe  an  order  ch, "rafters,  &c 
by  itfelf.  It  is  found  in  a fandy  earth  in  the  hither  of  the  diamond, 
peninfula  of  India,  in  the  ifland  of  Borneo,  and  in  the 
Brazils.  The  form  of  the  diamond,  when  perfeft,  is 
that  of  an  eight-fided  prifm.  There  are  alfo  cubical 
diamonds,  which  are  fufpedted  to  be  of  a different 
nature  from  the  others.  Diamonds  are  of  a lamellated 
texture  $ and  may  be  eafily  fplit  by  a blow  in  a proper 
dire&ion.  The  confent  of  mankind  has  fixed  an 
immenfe  value  upon  this  (tone  *.  The  inimitable 

qualities 

The  value  of  diamonds  is  reckoned  by  weight,  at  fo  much 
the  carat.  The  carat  ufed  in  this  valuation  is  divided  into  four 
parts,  called  grains ; but  lefs  than  troy  grains  by  one  fifth : 
for  150  carats  are  equal  to  the  troy  ounce  of  480  grains. 

Rough  diamonds,  without  'any  flaw  or  blemifh,  are  valued  at 
two  pounds  fterling  the  Angle  carat;  and  the  expence  of  , 
cutting  amounts  to  3^  pounds  the  carat.  The  value  is  greatly 
diminilhed  if  the  diamond  be  imperfect,  or  of  a bad  figure  $ 
and  it  incrcafcs  rapidly  with  the  fize.  To  find  the  worth 
of  a rough  diamond,  its  weight  in  carats  mull  be  fquared,  and 
multiplied  by  two,  and  the  product  will  be  pounds  fterling. 

A cut  or  finifhed  diamond  is  worth  four  times  as  much  as 
one  that  is  ftill  rough.  Thofe  of  the  greateft  brilliancy  are 
fometimes  valued  at  a higher  rate ; but  this  value  has  never  been 
applied  to  (tones  of  excefliye  magnitude.  It  does  not  appear 
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diamond,  qualities  to  which  this  preference  is  attached,  ard 

Hardnefs  and^  *ts  hardnefs,  which  is  fuch  that  it  eafily  cuts  all 

brilliance  of  dia-  other  fubftances,  and  takes  a mod  exquifite  and  laft- 
moiids : 

ing  poliih  ; and  its  very  great  retracing  power,  which 
is  fuch  as  to  occafion  all  the  light  to  be  refkdled, 
which  falls  on  any  of  its  interior  furfaces  at  a greater 
angle  of  incidence  than  24!  degrees.  Hence  its  luftre, 
when  cut  into  the  form  of  a regular  folid,  is  very  great. 
This  may  be  eafily  underltood,  when  it  is  confider'ed 
that  an  artificial  gem  of  glafs  does  not  refledl:  the  light 
from  its  hinder  furface,  until  that  furface  is  inclined  in 
an  angle  of  41  degreed  The  diamond  therefore  will 
ilot  only  throw  back  all  the  light  which  an  artificial 
gem  would  refledl,  but  likewife  one  half  as  much 
more;  which,  fallirig  between  the  angles  of  41  deg, 
and  24-^,  would  have  been  fullered  to  pafs  through 
by  the  falfe  gem.  It  is  not  furprifing  therefore  that 
the  effect  of  the  diamond  ftrould  be  fo  muth  greater ; 
more  efpecially,  when  we  attend  to  its  extreme  tranf- 
parency,  and  the  accuracy  of  its  polifh.- 

— fofubie  in  No  folvent  but  the  vitriolic  acid  has  any  effect 

on  this  gem ; in  which,  if  diamond  powder  be  tri- 
turated, and  evaporation  carried  on  nearly  to  drynefs, 
the  acid  grows  black,  and  depofits  pellicles  that  burn, 

— sombuftible.  and  are  entirely  confumed.  In  a heat  fomewhat 

greater  than  is  required  to  melt  filver,  the  diamond 
is  entirely  volatilized,  and  confumed  with  a flight 

that  any  fum  exceeding  one  hundred  and  fifty  thoufand  pounds 
has  been  given  for  a diamond. 

See  Magellan’s  improved  edition  of  Cronftcdt’s  Mineralogy, 
for  a confidersble  mafs  of  entertaining  information  on  this 
fwbjeift. 
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flame;  diminifhing  common  air,  and  leaving  a foot  diamond. 
behind.  V -v— — * 

Diamonds  are  of  all  colours : the  clear  tranfparent  Coloured  dia- 
Hones  are  the  mod  efteemed ; and,  next  to  them, 
thofe  of  a deeper  tinge.  Whether  thefe  coloured 
ftones  be  really  of  the  fame  nature  as  the  clear 
diamond,  has  not  been  afcertained.  The  lapidaries 
reckon  them  to  be  diamonds  from  their  hardnefs 
and  luftre. 
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SECTION  V. 
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! CONCERNING  THE  PRODUCTS  OF  THE 
VEGETABLE  KINGDOM. 

\ 

CHAP.  I. 


OF  THE  STRUCTURE  AND,  COMPONENT  , PARTS  0^ 
ORGANIZED  SUBSTANCES. 


A VARIETY  of  changes  takes  place  among  the  organized 
^ great  mafs  of  minerals  which  come  under  our  substances 

obfervation  near  the  furface  of  the  earth.  Thefe,  General  obfer- 
confidered  individually,  appear  to  be  efFedted  chiefly  vaU011s' 
by  virtue  of  the  chemical  attractions  or  affinities,  affift- 
ed  by  thofe  variations  of  pofition  and  of  temperature 
which  arife  from  external  caufes  *,  fuch  as  the  folar 
Kght,  or  the  alterations  which  the  capacities  of  other 
bodies  undergo.  But  in  vegetables  and  animals  there 
8 is 
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ORGANIZED 

SUBSTANCES. 


The  parts  of 


organized  bodies 
constitute  appa- 
ratus for  per- 
forming chemi- 
cal operations. 


Yegc  table  bo- 
dies. 


is  an  exprels  organization  of  parts,  which  evidently 
appears  to  have  been  defigned  by  the  Supreme  Intelli- 
gence for  the  purpofe  of  uniting  the  powers  of  me- 
chanifm  to  thofe  of  chemiftty.  It  does  not  imme- 
diately coincide  with  our  prefent  intention,  to  take 
any  notice  of  fuch  effedts  as  are  produced  by  the 
mufcular  exertion  of  animals,  or  any  part  of  their 
ftrudhire,  except  fo  far  a^  they  modify  the  chemical 
procefles  carried  on  within  them.  In  this  point  of 
view,  we  may  confider  the  folid  or  confiftent  parts  of 
vegetables  and  animals  as  compofmg  an  apparatus 
for  performing  a number  of  chemical  procefles  with 
the  fluids  that  circulate  through  them.  It  is  true 
indeed  that  this  whole  feries  of  operations  is,  for 
the  moft  part,  performed  with  fuch  a minute  fet  of 
veflels  *,  at  the  fame  time  that  the  bodies  applied 
to  each  other,  to  exercife  their  refpedlive  chemical 
attradlions,  feern  in  general  to  be  reduced  fo  near 
their  firft  principles ; that  in  the  prefent  (late  of  our 
knowledge  we  can  fcarcely  proceed  farther  than  to 
aflert,  that  the  efledfs  are  really  produced  by  an  appli* 
cation  of  the  moft  fublime  chemiftry  : but  thefe  diffi- 
culties ought  rather  to  encourage  than  deprefs  our 
attempts  to  arrive  at  a mote  intimate  knowledge  of 
the  powers  of  nature. 

The  organs  of  vegetables  appear  to  confift  chiefly 
of  tubes,  adapted  to  imbibe  fluid  matter  from  the 
earth.  This  fluid,  which  is  moftly  water,  rifes  either1 
by  the  capillary  attradfion,  by  the  alternate  expanfionS 
and  contraftions  which  depend  on  temperature,  or 
by  other  means ; and  depofits  its  impregnations  dur- 
ing its  tranfition  through  the  veflels  of  the  plant. 

The 
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I The  a£lion  of  the  folar  light,  the  agitation  produced  organized 

i by  winds,  and  the  nature  of  the  circumambient  air, 

■1  are  of  great  importance  in  thefe  procefles.  It  is  Vegetable  b»- 

1 dies* 

j * known  that  vegetables  do  not  thrive  m vital  air ; 
j that  they  abforb  fixed  air;  and  that  they  emit  vital 
j air  during  the  adlion  of  light,  more  efpecially  the 

I ftrong  light  of  the  fun.  That  they  emit  plentiful 

j exhalations  of  various  kinds,  is  obvious  from  their 
j fmell ; from  the  humidity  of  countries  abounding 
| with  woods ; as  well  as  from  the  confideration  of 
j the  fhort  time  that  would  be  required  to  dry  the 
I leaves  of  vegetables,  if  they  did  not  cdnftantly  receive 
j a fupply  of  moifture  to  recruit  what  they  mull  lofe 

i by  conftant  evaporation!  We  fee  therefore  that 

j plants  are  aflemblages  of  vefiels,  in  which  water  and 
I aerial  fluids  are  received ; and  by  fuccefiive  mixtures, 

1 filtrations,  evaporations,  or  depofitions,  are  either  de- 
r compofed,  or  form  new  compounds.  Thus  it  may 

arife  from  the  decompofition  of  water  itfelf,  that  they  Page  95, 
emit  vital  air  ; while  the  other  principle,  or  inflam- 
I mable  air,  is  retained,  and  enters  into  the  compofi- 
tion  of  their  combuftible  parts.  Or,  if  the  decom- 
pofition of  water  be  denied,  the  vital  air  may  arife 
from  the  abforption  of  fixed  air ; whofg  combuftible  Fa^e  r8j. 
principle  (whether  it  be  fuppofed  to  be  inflammable 
air,  as  fome  philofophers  infer  ; or  charcoal,  accord- 
ing to  others)  may  be  retained,  and  anfwer  a like 
purpofe ; fmcc  both  thefe  fubftances  are  obtained  in 
the  inflammation  of  vegetables. 

Animal  bodies  are  of  a much  more  elaborate  ftruc-  Animal  bodies,, 
ture.  In  thefe  there  is  a proviflon  for  mechanically 
dividing  folid  bodies  by  maftication,  which  anfwers 
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organ  12 ed  the  fame  purpofe  as  grinding,  pounding,  or  leviga- 

•SURETANCEC*  • , . , , . ' 

v i tion,  does  in  our  experiments ; namely,  that  of  en- 

Animal  bodies,  larging  the  quantity  of  furface  to  be  acted  upon  by 
folvents.  The  pi*ocefs  carried  on  in  the  ftomach 
appears  to  be  of  the  fame  kind  as  that  which  we 
rage  34.  diftinguifh  by  the  name  of  digeftion  ; and  the  bowels, 
whatever  other  ufes  they  may  ferve,  evidently  form 
an  apparatus  for  filtering,  or  conveying  off,  the  fluids; 
while  the  more  folid  parts  of  the  aliments,  which  are 
probably  of  fuch  a nature  as  not  to  be  rendered  fluid 
but  by  an  alteration  which  would  perhaps  deftroy 
the  texture  of  the  machine  itfelf,  are  rejected  as  ufe- 
lefs.  When  this  filtered  fluid  pafies  into  the  circuJ 
iatory  veflels,  through  which  it  is  driven  with  confi- 
derable  velocity  by  the  mechanical  adfion  of  the  heart, 
it  is  not  only  fibje&ed  to  all  thofe  changes  which 
the  chemical  action  of  its  parts  is  Capable  of  pro- 
ducing, but  is  likewife  expofed  to  the  air  of  the 
Yi%:  33.  92.  atmofphere  in  the  lungs,  into  which  that  elaltic  fluid 
is  repeatedly  admitted  by  the  a£f  of  refpiration.  Here 
it  undergoes  a change  of  the  fame  nature  as  happens 
to  other  combuftible  bodies  when  they  combine  with 
its  vital  part.  This  vital  part  becomes  condenfed,  and 
combines  with  fome  principle  emitted  from  the  blood ; 
at  the  fame  time  that  it  gives  out  a Hrge  quantity  of 
heat,  in  confequence  of  its  own  capacity  for  heat  being 
diminifhed.  It  has  not  been  afeertained  whether  the 
fubftance  which  converts  the  infpired  vital  air  into 
■ fixed  air  (of  which  a portion  is  expired  from  the  lungs 
Page  185.  together  with  the  noxious  or  phlogifticated  air)  be 
inflammable  air  or  charcoal ; and  it  has  likewife  been 
doubted  whether  any  part  of  the  vital  air  is  abforbed 

by 
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Nutrition. 


bv  the  blood.  Later  experiments  of  Br.  Pr  left  ley  organized 
fticw,  however,  that  this  laft  event  does  actually  take  - L *s- 1 

V 

place  *. 

It  would  lead  us  too  far  from  our  purpofe,  if  we  Secretions,  or 

. r , - , combinations  of 

were  to  attempt  an  explanation  or  the  little  wre  know  vegetable  and 
refpeeting  the  manner  in  which  the  fecretions,  or  fub" 

combinations,  that  produce  the  various  animal  and 
vegetable  fubftances,  are  effected  ; or  the  ufes  of  thofe 
fubftances  in  the  oeconomy  of  plants  and  animals. 

Moll  of  them  are  very  different  from  any  of  the 
produdts  of  the  mineral  kingdom.  We  fhall  there- 
fore only  add,  that  thefe  organized  beings  are  fo 
contrived,  that  their  exiftence  continues,  and  all  their 
functions  are  performed,  as  long  as  the  veflels  are 
fupplied  with  food,  or  materials,  to  occupy  the  place 
of  fuch  as  are  carried  off  by  evaporation  from  the 
furface,  or  otherwife  ; and  as  long  as  no  great  change 
is  made,  either  by  violence  or  difeafe,  in  thofe  veflels, 
or  the  fluids  they  contain.  But  as  foon  as  the  entire 
procefs  is  interrupted  in  any  very  conflderable  degree, 
the  chemical  arrangements  become  altered ; the  tem- 
perature in  land  animals  is  changed ; the  minute 
veflels  are  acted  upon,  and  deftroyed  ; life  ceafes  5 
and  the  admirable  ftrudture  being  no  longer  fufli- 
ciently  perfect,  lofes  its  figure,  and  returns,  by  new 
combinations  and  decompofitions,  to  the  general  maf$ 
of  unorganized  matter,  with  a rapidity  which  is  ufually 
greater,  the  more  elaborate  its  conftrudfion. 

The  parts  of  vegetable  or  animal  fubftances  may 
j^e  obtained,  for  chemical  examination,  either  by  fim- 


Difeafe, 


Deadu 


* Phil.  Tranf.  lxxx.  106. 
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organized  pie  preflure,  which  empties  the  veflels  of  their  con>t 
BSTANCE  tents ; by  digeftion  in  water,  or  in  other  fluids. 
Various  methods  which  difTolve  certain  parts,  and  often  change  their 
partsPofTnimalC  nature ; by  deftrudive  diftillation,  in  which  the  appli- 
ftanc7sCtablelub*  ca<aon  °f  a fti'ong  heat  alters  the  combination  of  the 
parts,  and  caufes  the  new  produds  to  pafs  over  into 
the  receiver,  in  the  order  of  their  volatility ; by  fpon- 
taneous  decompofition,  or  fermentation,  wherein  the 
component  parts  take  a new  arrangement,  and  form 
compounds,  which  did  not,  for  the  moil:  part,  exift  in 
the  organized  fubftance  ; or,  laftly,  the  judicious  che- 
mift  will  avail  himfelf  of  all  thefe  feveral  methods 
fingly,  or  in  combination.  He  will,  according  to 
circumftances,  feparate  the  parts  of  an  animal  or  ve- 
getable fubftance  by  preflure,  aflifted  by  heat ; or  by 
digeftion,  or  boiling  in  various  fluids  added  in  the 

retort,  which  contains  the  fubftance  under  examina- 

. ■ . 

tion.  He  will  attend  particularly  to  the  produda 
which  pafs  over ; whether  they  be  permanently  elaf- 
tic,  or  fubjed  to  condenfation  in  the  temperatures  we 
are  able  to  produce.  In  fome  cafes,  he  -frill  fuffer 
the  fpontaneous  decompofition  to  precede  the  appli- 
cation of  chemical  methods ; and  in  others  he  will 
attentively  mark  the  changes  which  the  produds  of 
his  operations  undergo  in  the  courfe  of  time,  whe- 
ther in  clofed  veflels,  or  expofed  to  the  open  air. 
Thus  it  is  that,  in  furveying  the  ample  field  of  na- 
ture, the  philofophical  chemift  poflefles  numerous 
means  of  making  difeoveries,  if  applied  with  judg- 
ment and  fagacity ; though  the  progrefs  of  difeovery, 
fo  far  from  bringing  us  nearer  the  end  of  our  purfuit, 
appears  continually  to  open  new  feenes  } and,  by  en- 
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I larging  our  powers  of  inveftigation,  never  fails  to  point  organized 
j put  additional  objects  of  enquiry.  v ^ , 

In  treating  of  the  produ&s  of  the  vegetable  king-  Vegetable  Pro- 
° . . . duds  arranged, 

dom,  we  {hall  attend  rather  to  the  procenes  by  which 

we  obtain  them,  than  to  any  arrangement  fuppofed  to 

exift  among  their  principles.  In  this  way,  the  ordeV 

will  confift,  firft  of  principles  not  faline,  obtained  in 

a degree  of  heat  not  exceeding  that  of  boiling  water  ; 

fecondly,  faline  principles,  obtained  by  preffure,  or 

mere  folution  in  water,  or  ardent  fpirit  *,  thirdly,  faline 

principles,  obtained  by  ftrong  heat,  or  by  the  adlion 

of  nitrous  acid  j fourthly,  the  products  of  deltrudtive 

diftillation ; and,  laftly,  the  produ&s  of  fpontaneous 

(iecompofition,  or  fermentation. 
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C H A P.  II. 

CONCERNING  SUCH  PRINCIPLES  OF  VEGETABLES  A3 
DO  NOT  EXHIBIT  SALINE  PROPERTIES,  AND  ARE 
OBTAINED  WITHOUT  THE  APPLICATION 
OF  ANY  GREATER  HEAT  THAN  THAT 
OF  BOILING  WATER,  AND  WITHOUT 
THE  ACTION  OF  ANY  SOLVENT 
BUT  WATER,  OR  ARDENT 
SPIRIT. 


vegetable  rTP*HQSE  immediate  principles  of  vegetables,  which 
principles.  JL  Jo  n0{;  evidently  exhibit  faline  properties,  are 
jukes  and  ex-  called  juices,  when  they  flow  out  of  incifions  made 
ua<3s.  jn  the  living  plant,  or  are  obtained  by  Ample  preflure  \ 

and  extracts,  when  rendered  thick  by  evaporation 
of  part  of  the  water  they  contain.  The  juices  of 
.Purification.  plants  are  purified  by  fuffering  their  grofler  parts  to 
fubfide,  or  by  filtration.  In  fome  cafes,  the  fluid  is. 
rendered  clearer  by  Amply  heating  it  in  a water- 
bath,  which  caufes  part  to  take  the  form  of  a coagu- 
lum. 

ijanifultiion.  Dry  plants,  or  woods,  or  feeds,  are  either  rafped, 
pounded,  or  ground,  to  feparate  their  parts,  and  may 
be  macerated,  boiled,  or  digefled  in  water,  or  fpirit 
of  wine ; or  the  infoluble  parts  may  be  fubjedted  to 
preflure,  to  force  out  their  fluid  contents.  Thefe 
fluids  may  be  purified  by  means  fimilar  to  thofe  which 
are  applied  to  the  exprefied  juices  of  plants. 
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The  principles  of  plants  which  are  not  of  a faline  vegetable 
lature,  and  are  obtained  without  dedroying  them  by  PR1NC1PLES» 
j teat,  are — 1.  Gum,  or  mucilage,  which  is  foluble  in  Enumeration  of 

, . , r . . r t • , fuch  principles 

rater,  but  not  in  ardent  ipirit.  2.  bugar,  which  is  0f  vegetables  as 
j Voluble  both  in  water  and  in  ardent  fpirit.  3.  Starch, aie  not  lalinc* 
vhich,  though  infoluble  in  either  of  thefe  fluids,  forms 
pafte  with  water,  efpecially  if  heated.  4.  Vegetable 
•luten,  which  is  neither  foluble  nor  diffufible  in  water 
; r ardent  fpirit ; has  a tenacious  confidence  when  re- 
; rently  prepared-,  but  does  not  imbibe  water  after  it 
j as  once  been  dried.  5.  Fat  oils,  which  are  infoluble 
I 1 water  or  ardent  fpirit,  and  are  either  fluid,  or  fufible 
It dthout  alteration,  by  a moderate  heat.  6.  Volatile 
I r efiential  oils,  which  are  foluble  in  ardent  fpirit,  but 
ot  in  water,  and  rife  totally  in  didillation.  7.  Cam- 
| ' hor,  which  differs  from  efiential  oils  in  being  more 
t oncrete,  more  volatile,  and  in  being  totally  foluble, 
j ithout  alteration,  in  concentrated  acids.  8.  Refins, 
hich  differ  from  efiential  oils,  in  being  decompofable 
j y t heat ; and  from  camphor,  in  being  changed  by 
; fids.  9.  The  aromatic  principle,  or  vegetable  prin- 
i ;ple  of  fmell.  10.  Colouring  matters. 

f / ' 

The  juices  or  extra£!s  of  plants,  in  general,  contain  Juices  or  ei- 
)th  gum  and  refin,  which  may  be  feparated  by  their 
Tpe£tive  folvents,  water  and  ardent  fpirit.  Thefe 
. 1 -pear  to  exift  together  in  the  plant,  forming  a com- 
■ >und  of  a foapy  or  faponaccous  nature. 

’Gum  is  a fubflance  very  well  known.  It  is  ufually  Gum. 

: infparent,  more  or  lefs  brittle  when  dry,  and  gives 
hick,  vifcid,  and  glewy  confidence  to  water  in  which 
is  difl’olved.  Gum  is  ufually  obtained  by  wounding 
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Mucilage  or 
gum. 


Sugar. 


vegetable  the  trunks  or  branches  of  trees,  fuch  as  the  plum,  the 
principles.  pearj  t]ie  c]ien-y  tree,  &C.J  and  is  diftinguifhed  by  va- 
rious denominations,  according  to  the  plant  from  which 
it  is  obtained.  It  is  obfervable  that  faccharine  fruits, 
when  four  and  unripe,  are  found  to  contain  gum,  and 
an  acid  •,  whence  the  faccharine  matter  feems  to  be 
formed  of  thefe  principles.  This  is  rendered  much  more 
probable  from  the  confideration  that  gum  and  fugar 
afford  nearly  the  fame  products  by  heat,  or  by  diftilla- 
tion  with  the  nitrous  acid,  as  we  fhall  hereafter  (hew. 

Sugar  may  be  reckoned  among  mucilages  or  gums : 
it  appears  to  be  brought  nearer  to  the  faline  Hate. 
Ardent  fpirit  dilfolves  it  as  well  as  water'.  The  pecu- 
liar tafle  of  this  fubflance  indicates  its  prefence  in  a 
number  of  fruits  and  other  vegetables ; but  it  is  moll 
plentifully  obtained  from  the  fugar  cane,  which  is 
Manufacture  of  cultivated  in  warm  climates.  The  juice  of  the  plant 
is  expreffed  by  palling  it  between  two  cylinders  of  iron, 
placed  perpendicularly.  This  fluid,  which  is  thick 
and  tenacious,  is  boiled  together  with  lime  and  alum, 
and  is  afterwards  fuffered  to  cryftallize  by  handing  in 
a velfel,  in  the  bottom  of  which  are  holes  imperfectly 
flopped,  in  order  that  the  fyrup  may  drain  off.  The 
procefs  of  refining  fugar  appears  to  be  capable  of  con- 
fiderable  improvement.  It  is  not  clearly  afeertained 
what  effeCt  the  lime  and  alum  have  upon  the  procefs ; 
but  it  is  highly  probable  that  a part  of  the  fugar  is 
burned  in  the  boiling,  and  converted  into  an  acid, 
which  combines  with  the  lime,  and  would  elfe  impede 
the  cryftallization  of  the  fugar.  The  coarfe  fugar  thus 
produced,  is  refined  by  fubfequent  folution  in  water, 
and  boiling  with  a fmall  proportion  of  lime,  together 
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fari- 
feeds. 


with  bullock’s  blood  or  eggs.  Thefe  fluids,  which  are  vegetable 

at  firft  diffufed  through  the  liquor,  have  the  property  of  PRINC1PLES^ 

becoming  concrete,  as  the  temperature  increafes,  and  Manufa&ure  of 

rife  in  the  form  of  fkurn  to  the  furface  of  the  fluid, 

carrying  with  them  the  impurities,  and  rendering  it 

more  clear  and  tranfparent.  The  filtered  liquor  is 

then  either  poured  into  moulds,  in  which,  by  a con- 

Fufed  cryftallization,  it  forms  loaf  fugar  •,  or  elfe  it  is 

sxpofed  in  heated  rooms,  where,  by  a gradual  cryftal- 

..ization,  it  forms  fugar-candy_ 

The  habitude  of  fugar  with  water  greatly  refembles 
:hat  of  falts ; but  it  has  not  been  afcertained  that  it 
contains  any  fait  ready  formed,  except  a fmall  propor- 
tion of  alkali.  It  is  more  inflammable  than  gums. 

Flour,  or  the  pulverized  fubftance  of  farinaceous  Flour,  or  the 
eeds,  has  a ftrong  analogy  to  the  gummy  and  faccha-  naceousft 
ine  mucilages.  Thefe  feeds,  if  moiftened,  and  expofed 
o a moderate  or  fummer  temperature,  become  in  a 
'reat  meafure  converted  into  faccharine  mucilages,  as 
lappens  in  the  procefs  of  converting  barley  into  malt. 

Wheat  flour  may  be  taken  as  an  example  of  the  com-  wheat  flour' 

) /ofition  of  thefe  feeds,  before  they  begin  to  vegetate 
.frefli.  If  this  be  made  into  a pafte,  and  waflred  in 
large  quantity  of  water,  it  is  feparated  into  three 
tiftincl  fubftances  ; a mucilaginous  faccharine  matter, 
vhich  is  really  diflolved  in  the  liquor,  and  may  be 
eparated  from  it  by  evaporation ; ftarch,  which  is 
ufpended  in  the  fluid,  and  fubfides  to  the  bottom  by 
epofe*,  and  gluten,  which  remains  in  the  hand,  and  is 
.enacious,  very  ductile,  fomewhat  elaftic,  and  of  a 
:rown  grey  colour.  The  firft  of  thefe  fubftances 
oes  hot  effcntially  differ  from  other  faccharine  muci- 

E e 2 lages. 
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Starch. 


Vegetable  glu- 
ten. 


Fat  oils. 


lages.  The  fecond,  namely  the  ft'arch,  forms  a glewy 
fluid  by  boiling  in  water,  though  it  is  fcarcely,  if  at 
all,  a£ted  upon  by  that  fluid,  when  cold.  Its  habitudes 
and  products  with  the  fire,  or  with  nitrous  acid,  are 
nearly  the  fame  as  thofe  of  gum,  and  of  fugar.  It 
appears  to  be  as  much  more  remote  from  the  faline 
ftate  than  gum,  as  gum  is  more  remote  from  that 
{late  than  fugar. 

The  vegetable  gluten,  though  it  exiffced  before  the 
wafhing  in  the  pulverulent  form,  and  has  acquired  its 
tenacity  and  adhefive  qualities  from  the  water  it  im- 
bibed, is  neverthelefs  totally  infoluble  in  that  fluid.  It 
has  fcarcely  any  tafte.  When  dry  it  is  femi-tranfpa- 
rent,  and  refembles  glue  in  its  colour  and  appearance.  ' 
If  it  be  drawn  out  thin,  when  firft  obtained,  it  may  be 
dried  by  expofure  to  the  air ; but,  if  it  be  expofed  to 
warmth  and  moifture  while  wet,  it  putrefies  like  an 
animal  fubftance.  The  dried  gluten,  applied  to  the 
flame  of  a candle,  crackles,  fwells,  and  burns,  exaftly 
like  a feather  or  piece  of  horn.  It  affords  the  fame 
products  by  deftruttive  diftillation  as  animal  matters  a 
do  ; is  not  foluble  in  ardent  fpirit,  oils,  or  ether ; and 
is  a£ted  upon  by  acids  and  alkalis,  when  heated. 

Fat  oils  are  obtained  by  preflure  from  the  emulfive 
feeds  or  kernels  of  vegetables  : they  are  generally  fluid 
in  the  temperature  of  the  atmofphere,  but  foine  of. 
them  have  a confiderable  degree  of  firmnefs  or  folidity. 
They  have  a very  fmooth  feel';  are  moflly  without 
fmell  or  tafle  ; require  a degree  of  heat  much  fuperior 
to  that  of  boiling  water,  to  caufe  them  to  rife  in  ebul- 
lition ; and  cannot  be  fet  on  fire,  unlefs  heated  to  this 
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degree.  The  ufe  q£  the  wick  of  a lamp  confifls  in 
bringing  fmall  portions  of  oil  to  its  extremity,  by  the 
capillary  attraction,  where  they  become  fucceffively 
volatilized  and  inflamed.  Oils  are  remarkably  lefs 
fonorous  than  water,  when  poured  out.  Fat  oils,  not 
being  at  all  diflipated  by  the  heat  of  the  atmofphere, 
make  a permanent  greafy  fpot  when  they  fall  on  po- 
rous fubftances. 

Thefe  oils  are  decompofed  by  difbillation,  and  afford 
a fmall  quantity  of  water  loaded  with  a peculiar  acid, 
. a light  oil,  a denfe  oil,  inflammable  air,  and  fixed  air. 
The  refidue  confifts  of  a fmall  quantity  of  charcoal. 

Fat  oils,  by  expofure  to  the  air,  become  rancid  ; and 
.exhibit  a difengaged  acid,  which  may  be  wafhed  off 
iby  water.  When  they  are  expofed  to  the  air,  in  a 
•thin  coat  upon  the  furface  of  water,  they  become  more 
(confident,  like  wax,  by  abforbing  the  vital  part  of  the 
: atmofphere ; the  aerated  or  dephlogifticated  marine 
;acid  produces  this  change  more  fpeedily.  Agitation 
iin  water  feparates  a mucilage  from  them.  They 
(combine  with  magnefia,  and  with  lime,  which  con- 
vert them  into  faponaceous  compounds.  With  the 
;.pure  alkalis  they  form'  common  foap.  They  do  not 
canite  with  the  volatile  alkali,  but  by  long  trituration. 

The  mineral  acids  unite  with  fat  oils,  and  form 
compounds,  or  imperfecT  foaps.  Fuming  nitrous  acid 
:aufes  them  to  take  fire,  as  has  already  been  obferved. 
Sulphur  is  foluble  in  fat  oils,  by  a digefting  heat ; and 
s gradually  depofited  in  part  from  them,  in  a cryftal- 
ine  form,  by  cooling. 

Thefe  fulphureous  compounds  are  called  balfams 
)f  fulphur. 
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VOLATILE  OILS. 

Bitumens  and  amber  are  foluble  in  fat  oils,  and  form 
varnilhes. 

Volatile  or  eflential  oils  have  ufually  a ftrong  aro- 
matic fmell,  are  fufficiently  volatile  to  rife  with  the 
heat  of  boiling  water,  and  are  in  general  foluble  in 
fpirit  of  wine.  They  exift  in  almoft  all  fragrant  ve- 
getables ; and  in  the  various  plants  they  are  found 
either  in  the  wood,  the  root,  the  bark,  the  leaves,  the 
flowers,  the  fruits,  & c.  They  differ  very  much  in  the 
degree  of  fluidity  they  poffefs  at  a common  tempera- 
ture, and  their  colours  are  various.  They  are  ob- 
tained either  by  expreffion,  as  from  the  peel  of 
oranges  and  lemons,  or  by  diftillation  with  water. 
Some  eflential  oils,  fuch  as  thofe  of  cinnamon,  fafla- 
fras,  and  other  foreign  plants,  fink  to  the  bottom  of 
the  water,  with  which  they  come  over ; others  float 
at  the  top.  It  is  eafy  to  diftinguifh  the  adulteration 
of  volatile  oils,  either  by  pouring  ardent  fpirit  upon 
them,  which  will  not  diffolve  the  fat  oil  they  may  be 
contaminated  with ; or  if  they  be  dropped  on  paper, 
and  held  to  the  fire,  in  this  cafe  they  leave  a greafy 
fpot  behind.  If  oil  of  turpentine  be  fraudulently 
added  to  them,  its  fmell  betrays  its  prefence  when 
treated  in  this  manner. 

Volatile  oils  are  very  inflammable.  By  expofure  to 
air,  they  become  thick  in  procefs  of  time,  and  affume 
the  character  of  refins. 

They  unite  with  difficulty  to  lime  and  alkalis.  The 
vitriolic  acid  converts  them  into  bitumens ; but,  if 
diluted,  it  renders  them  faponaceous,  as  does  likewife 
the  muriatic  acid.  Nitrous  acid  inflames  them. 

They  unite  very  readily  with  fulphur,  and  form  bal- 
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fams.  Mucilages  and  fugar  render  them  foluble  or  vegetable 

- , . . PRINCIPLES. 

di  fumble  in  water.  v j 

' " m \r 

Camphor  is  a peculiar  vegetable  fubftance,  which  Camphor, 
refembles  volatile  oil,  and  is  in  fa6I  depofited  from 
fome  of  the  volatile  oils  by  long  Handing.  It  has 
been  obtained  in  fmall  quantities  by  diftillation  with 
water  from  thyme,  rofemary,  fage,  and  other  fra- 
grant plants.  The  camphor  of  commerce  is  ob- 
tained from  a fpecies  of  laurel,  which  grows  in  China 
and  the  Indian  iilands,  by  diftillation  of  the  wood  and 
other  parts  of  the  tree  with  water.  The  camphor 
riles  by  the  heat,  and  is  afterwards  purified  by  a repe- 
tition of  the  procefs,  with  the  addition  of  about  one- 
twelfth  of  its  weight  of  lime. 

This  fubftance  is  much  more  volatile  than  eflential  charafters  of 
oils.  It  cannot  be  preferved  without  lofs,  but  in  camPll0r ' 
clofed  vefiels,  and  even  in  thefe  it  fublimes  by  the 
heat  of  fummer.  Water  does  not  diflolve  it ; but  it 
is  plentifully  foluble  in  fpirit  of  wine,  in  ether,  and 
in  concentrated  acids ; from  all  which  it  is  feparated, 
without  alteration,  by  the  addition  of  water.  Fixed 
and  volatile  oils  diflolve  camphor,  with  the  afiiftance 
of  heat,  and  depofit  cryftals  in  the  form  of  a beau- 
tiful vegetation  by  cooling. 

A peculiar  acid  is  formed  by  diftillation  of  the  ni-  — its  acid, 
trous  acid  from  this  lubftance. 

Refins  are  dried  juices  of  plants,  which  are  of  the  Refins,  how  ob- 
nature  of  eflential  oil.  They  ufually  flow  from  wounds 
made  in  the  trunks  of  trees  for  that  purpofe.  Fragrant 
refins  have  been  diftinguifhed  by  the  name  of  balfams. 

Almoft  all  the  concrete  juices,  diftinguifhed  by  the 
name  of  refins,  are  foluble  in  ardent  fpirit.  Water 
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Refinous  fub- 
ftances. 


diflolves  none  of  them.  They  are  inflammable,  and 
burn  with  much  fmoke.  In  clofed  veflels  they  do  not 
rife  wholly  by  heat,  like  efiential  oils,  but  are  decom- 
pofed. 

A very  confulerable  number  of  refinous  fubftances 
are  known  and  ufed  in  the  arts.  Common  refin  of  the 
pine,  the  refin  of  the  fir,  pitch,  tar,  and  turpentine,  are 
among  thofe  which  are  foluble  in  fpirit  of  wine,  and 
are  of  the  nature  of  efiential  oils.  Copal,  and  the  elaf- 
tic  fubftance  called  caoutchouc,  which  is  the  infpiflated 
juice  of  a tree  from  Africa,  are  ufually  reckoned 
among  refins  ; though  neither  fpirit  of  wine  nor  water 
diflolves  them.  They  are  foluble  however  in  oils,  by 
the  afiiftance  of  heat,  and  feem  to  be  of  the  nature  of 
fat  oils.  The  juices  called  gum  refins  are  varioufly 
foluble  in  the  different  menftruums,  according  to  the 
nature  and  abundance  of  their  component  parts. 


Principle  of 
fmcll  in  vege- 
tables. 


The  principle  of  fmell  in  plants  appears  to  be  of 
an  exceedingly  fubtile  nature.  It  feems  in  general  to 
refide  in  the  efiential  oil,  and  compofes  an  extremely 
fmall  part  of  the  weight  of  vegetables,  as  may  be  in- 
ferred from  the  lofs  of  fragrance  fuftained  by  efiential 
oils,  with  little  or  no  lofs  of  their  weight.  This  how- 
ever does  not  neceflarily  fuppofe  that  the  whole  princi- 
ple of  fmell  has  flown  off ; becaufe  it  may  with  equal 
probability  be  fuppofed  to  have  entered  into  combina- 
tion with  fome  of  the  other  principles  of  the  fubftance 
which  afforded  it.  Diftillation  with  fpirit  of  wine  is 
ufed  to  extradf  the  fragrant  principle  from  plants.  A 
confiderable  proportion  of  this  matter  may  be  obtained 
by  diftillation  with  water,  in  which  it  comes  over 
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probably  diftufed  with  a fmall  proportion  of  eflential  ve-getabi.e 
oil.  It  has  been  fuppofed  to  confiit  of  an  elaftic  fluid  f UIN<-*PLi- 
of  a peculiar  nature. 

The  knowledge  of  the  colouring  matters  of  vege-  Colouring  mat- 
tables  is  of  great  importance  to  fociety,  as  the  art  of teis' 
dying  depends  on  the  application  of  tnefe  fubftances. 

Much  however  remains  to  be  afcertained  concerning 
them.  If  the  dodlrine  of  Newton  were  incontro- 
vertibly  eftablifhed,  that  the  colours  of  bodies  depend 
folely  upon  the  magnitude  of  the  integrant  particles 
of  bodies,  we  might  aflert,  without  hefitation,  that 
all  the  principles  of  bodies  might  be  applied  in  theory 
to  the  production  of  any  affignable  colour ; and  wre 
might  thence  infer,  that  the  colour  of  plants  is  not 
produced  by  the  diffufion  of  coloured  particles  of  any 
particular  kind,  but  by  the  configuration  of  the  parts 
taken  in  general.  But  we  are  not  fufficiently  advanced 
in  any  part  of  the  knowledge  of  nature, 1 to  reafon 
with  fafety,  without  conftant  recurrence  to  the  tell 
of  experiment.  In  this  way  we  find  that  the  chemical  — are  taken  up 

r , . . n " , . - , . by  chemical  fol- 

loivents,  m many  lnltances,  deprive  plants  of  their  mits. 
colour,  at  the  fame  time  that  they  themfelves  acquire 
it ; doubtlefs  by  folution  of  the  colouring  matter, 
which  they  again  depofit  upon  bodies  prepared  for  that 
purpofe.  Water  diflolves  the  colouring  matter  of  va- 
rious fubftances,  fuch  as  logwood,  madder,  &c.  The 
fluffs  to  be  dyed  require,  in  many  cafes,  the  previous 
foaking  in  a folution  of  alum,  vegetable  alkali,  or 
Other  falts,  to  prevent  their  giving  the  colour  out 
again  to  water.  Other  colouring  principles  are  folu- 
ble  in  oils,  fuch  as  allanet;  and  many  which  are  not 

foluble 
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♦Art  of  dying. 


lakes. 


foluble  in  water,  are  taken  up  by  that  flui^l,  by  the- 
intervention  of  an  alkali.  The  art  of  dying,  or  of 
fixing  colouring  matter  upon  various  fluffs,  appears  to 
depend  upon  the  chemical  affinities  of  the  colouring 
matters  either  with  the  fluffs  themfclvcs,  or  the  mat- 
ters in  which  they  are  previoufly  infilled.  The  condi- 
tion required  in  a good  dye  appears  to  be,  that  the 
colouring  matter  (hall  be  precipitated  on  the  (luff,  and 
form  a compound  not  foluble  in  the  liquids  to  which 
the  fluff  will  probably  be  expofed.-  Thus,  for  exam- 
ple, printed  or  dyed  linens  or  cottons  ought  to  refill 
the  action  of  foap  and  alkalis  j and  woollens  ought 
more  particularly  to  withfland  the  a£lion  of  acids, 
fuch  as  lemons,  vinegar,  &c.  which  may  accidentally 
fall  on  them. 

Certain  colours,  called  lakes,  are  prepared  by  diffolv- 
ing  the  vegetable  colouring  matters,  and  precipitating 
them  by  the  addition  of  lbmc  other  fubtlance.  Thus, 
for  example,  if  madder  be  boiled  in  water  'together 
with  an  alkali,  and  alum  be  then  added,  the  earth 
of  the  alum  will  be  precipitated  together  with  the 
colouring  matter,  with  which  it  will  form  an  infolublc 
pigment. 
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CONCERNING  THE  SALINE  PRINCIPLES  OF  PLANTS 
OBTAINED  BY  PRESSURE,  OR  BY  THE  APPLI- 
CATION OF  V'ATER  OR  ARDENT  SPIRIT  ; 
PARTICULARLY  THE  ACIDS  OF  LEMONS, 

OF  APPLES,  OF  NUT-GALLS,  AND 
OF  BENZOIN. 


T 


HE  faline  principles  of  plants  are  either  fuch  as  vegetable 
are  found  in  the  mineral  kingdom  ; namely,  ^ salts.  ^ 
vitriolated  tartar,  Glauber’s  fait,  nitre,  common  fait,  Mineral  faits 
and  the  fixed  alkalis  ; or  they  are  fuch  as  are  pe-  biesf  ^ VCeeta 
culiar  to  this  kingdom.  The  mineral  faits  are.fup- 
pofed  to  have  entered  into  the  veflels  of  the  plants 
which  afford  them,  and  to  have  remained  there  un- 
altered. The  faits  peculiar  to  vegetables  are,  for  the  Peculiar  fait* 
moil  part,  of  an  acid  nature.  They  confift  of  the enumeratcd* 
acids  of  lemons  and  of  apples,  which  are  obtained  in 
an  impure  ftate  by  prefiure  •,  the  acid  of  nut-galls, 
and  the  acid  of  benzoin  ; the  faits  of  tartar  and  of 
forrel,  which  contain  a portion  of  alkali.;  and  fuch 
acids  as  are  formed  by  diddling  the  nitrous  acid  from 
vegetable  fubflances,  which  are  thofe  of  fugar,  cam- 
phor, cork,  See.  Deftru&ive  difiillation  likewife  de- 
velopes  or  forms  peculiar  acids.  Thofe  obtained  from 
tartar,  from  mucilage  or  fugar,  and  from  wood,  have 
pnly  been  examined. 
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vegetable  The  juice  of  lemons,  or  limes,  has  all  the  charac- 
t AC'PS‘  , ters  of  an  acid  of  confiderable  ftrength.  On  account 
Various  methods  of  the  mucilaginous  matter  with  which  it  is  mixed  in 
kmon-juicel  hs  firft  date,  it  is  very  foon  altered  by  fpontaneous 
decompofition.  Various  methods  have  been  contrived 
to  prevent  this  effedf  from  taking  place,  in  order  that 
this  wholefome  and  agreeable  acid  might  be  preferred 
for  ufe  in  long  voyages,  or  other  domedic  occafions. 
— by oil:  The  juice  may  be  kept  in  bottles  under  a thin  ftratum 

of  oil,  which  indeed  prevents,  or  greatly  retards,  its 
total  decompofition  •,  though  the  original  frefh  tafte 
foon  gives  place  to  one  which  is  much  lefs  grateful. 

— by  evapora-  In  the  Ead  Indies  it  is  evaporated  to  the  confidence 

of  a thick  extract.  If  this  operation  be  carefully  per- 
formed by  a very  gentle  heat,  it  is  found  to  be  very 
effectual.  When  the  juice  is  thus  heated,  the  muci- 
lage thickens,  and  feparates  in  the  form  of  flocks  j 
part  of  which  fubfides,  and  part  rifes  to  the  furface : 
thefe  mud  be  taken  out.  The  vapours  which  arife 
are  not  acid.  If  the  evaporation  be  not  carried  fo 
far  as  to  deprive  the  liquid  of  its  fluidity,  it  may  be 
long  preferred  in  well-clofed  bottles  ; in  which,  after 
fome  weeks  Handing,  a farther  portion  of  mucilage 
is  feparated,  without  any  perceptible  change  in  the 
acid. 

— by  freezing.  Of  all  the  methods  of  preferring  lemon  juice,  that 

of  concentrating  it  by  frod  appears  to  be  the  belt ; 
though,  in  the  warmer  climates,  it  cannot  conveniently 
be  pradlifed.  Lemon  juice,  expofed  to  the  air  in  a 
temperature  of  between  50°  and  6o°,  depofits  in  a few 
hours  a white  femi-tranfparent  mucilaginous  matter, 
which  leaves  the  fluid,  after  decantation  and  filtration, 
s , much 
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much  lefs  alterable  than  before.  This  mucilage  is  vegetable 


acids. 


not  of  a gummy  nature,  but  refembles  the  gluten  of 
wheat  in  its  properties  : It  is  not  foluble  in  water,  Depuration  of 
■ when  dried.  More  mucilage  is  feparated  from  le-  ^nga<:ld  ot  lc" 
mon  juice  by  Handing  in’ clofed  veflels.  If  this  de- 
purated lemon  juice  be  expofed  to  a degree  of  cold  — . by  congela- 
of  about  feven  or  eight  degrees  below  the  freezing  Uon ' 
point,  the  aqueous  part  will  freeze,  and  the  ice  may 
be  taken  away  as  it  forms ; and  if  the  procefs  be 
continued  until  the  ice  begins  to  exhibit  figns  of 
acidity,  the  remaining  acid  will  be  found  to  be  re- 
duced to  about  one-eighth  of  its  original  quantity, 
at  the  fame  time  that  its  acidity  will  be  eight  times 
as  intenfe  ; as  is  proved  by  its  requiring  eight  times 
the  quantity  of  alkali  to  faturate  an  equal  portion 
of  it.  This  concentrated  acid  may  be  kept  for  ufe  ; 
or,  if  preferred,  it  may  be  made  into  a dry  lemonade, 
by  adding  fix  times  its  weight  of  fine  loaf  fugar  in 
powder  *. 

The  above  procefles  may  be  ufed  when  the  acid  —by  the  chemi- 
of  lemons  is  wanted  for  domeftic  purpofes  *,  becaufe 
they  leave  it  in  pofleffion  of  the  oils,  or  other  princi- 
ples, on  which  its  flavour  peculiarly  depends.  But  in 
chemical  refearches,  where  the  acid  itfelf  is  required 
to  be  had  in  the  utmoft  purity,  a more  elaborate  pro- 
cefs mull  be  ufed.  Boiling  lemon  juice  is  to  be  fatu- 
rated  with  powdered  chalk,  whofe  weight  is  to  be 
noted.  The  neutral  faline  compound  is  fcarcely  more 
foluble  in  water  than  felenite  : it  therefore  falls  to  the 
bottom ; while  the  mucilage  remains  fufpended,  in 
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vegetable  the  watery  fluid  which  mud  be  decanted  off.  The  it- 
v , maining  precipitate  mud  then  be  waflied  with  warm 

Depuration  of  water  until  it  comes  off  clear.  To  the  powder,  thus 
edulcorated,  a quantity  of  vitriolic  acid,  fuflkient  to 
faturate  the  chalk,  and  diluted  with  ten  parts  of  water, 
muft  be  added,  and  the  mixture  boiled  a few  minutes. 
The  vitriolic  acid  combines  with  the  lime,  and  forms 
felenite,  which  remains  behind  when  the  cold  liquor 
is  filtered ; while  the  difengaged  acid  of  lemons  re- 
mains diflolved  in  the  fluid.  This  lad  mud  be  eva- 
porated to  the  confidence  of  a thin  fyrup  ; and  vitri- 
olic acid  mud  be  then  added  in  fmall  portions,  to 
precipitate  the  lime,  if  any  fhould  dill  remain  in 
combination  with  acid  of  lemons.  When  no  more 
precipitate  is  afforded  by  the  addition  of  vitriolic 
acid,  a farther  evaporation  feparates  the  pure  acid  of 
lemons  in  crydals.  It  is  neceflary  that  the  vitriolic 
acid  lad  added  fliould  be  rather  in  excefs ; becaufe 
the  prefence  of  a fmall  quantity  of  lime  will  prevent 
the  crydallization.  This  excefs  will  be  found  in  the 
mother  water  *» 

Charaaers.  The  concrete  acid  of  lemons  remains  confident  in 
the  air,  is  very  foluble  in  water,  and  exhibits  drong 
acid  properties.  Its  watery  folution  is  decompofed  by 
a flow  putrefa&ion.  It  unites  with  the  alkalis  and 
earths,  filex  excepted ; and  forms  peculiar  neutral 
falts,  which  have  not  yet  been  much  examined.  Seve- 
ral of  the  metallic  fubdances  are  likewife  a£ted  upon 
by  it  5 and  it  would  probably  diffolve  all  their  calces. 


* Scheele’s  Effoys,  Eng.  Translation,  p.  3613  or  Crell’s  Jour- 
nal for  17S4. 
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The  acid  which  abounds  in  four  or  unripe  fruits  vegetable 
exhibits  didimT  properties.  As  it  is  plentifully  ob-  ^ acids.  ^ 
tained  from  apples,  the  firft  examiner,  Scheele,  has  Method  of  puri- 
denominated  it  the  acid  of  apples.  In  order  to  obtain 
it,  the  juice  of  four  apples  is  exprefied  from  the  fruit, 
and  faturated  -with  vegetable  alkali.  To  this  liquor 
a folution  of  the  vitriolic  fait  of  lead  muft  be  very 
. gradually  added.  A double  decompofition  takes  place. 

The  vitriolic  acid  combines  with  the  alkali,  and  forms 
vitriolated  tartar  5 at  the  fame  time  that  the  acid 
of  apples,  uniting  with  the  lead,  forms  an  infallible 
precipitate.  When  the  precipitate  nearly  ceafes  to 
fall  down,  the  folution  of  fugar  of  lead  mult  be 
added  cautioully,  by  a drop  at  a time,  until  no  more 
precipitate  is  afforded.  • The  vitriolated  tartar  may 
be  walhed  off  from  the  precipitate  ; and  diluted  vi- 
triolic acid  being  then  poured  on  the  precipitate,  fugar 
of  lead  is  again  formed,  and  the  acid  of  apples  is  fet 
at  liberty.  ^ 

In  fuch  fruits  as  contain  the  acid  of  lemons  as  well  Separation  of  fe 
as  that  of  apples,  the  feparation  of  one  from  the  other  andoA!ppS°_> 
is  accomplifhed  by  the  following  procefs.  The  juice 
of  goofeberries,  for  example,  is  evaporated  to  the 
confidence  of  fyrup  : pure  ardent  fpirit  being  poured 
upon  this,  dilfolves  the  acids,  and  leaves  the  muci- 
lage, which  may  be  feparated  by  filtration.  The 
ardent  fpirit  being  then  evaporated,  and  water  added, 
the  acids  mud  be  faturated  with  chalk.  The  folution 
being  boiled  for  a few  minutes,  the  calcareous  fait 
of  lemons  falls  to  the  bottom,  on  account  of  its  dilRcuIt 
folubility ; while  the  other  fait,  confiding  of  the  acid 
of  apples,  united  to  lime,  remains  fufpended,  and  may 
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confequently  be  decanted  off.  This  neutral  fait  not 
being  foluble  in  fpirit  of  wine,  may  be  precipitated  by 
the  addition  of  a proper  quantity  of  that  fluid ; which, 
at  the  fame  time,  deprives  it  of  a portion  of  fapona- 
ceous  and  faccharine  matter.  The  coagulum,  or  pre- 
cipitate, which  confifts  for  the  moll  part  of  the  acid 
of  apples,  perfectly  neutralized  by  lime,  may  be  dif- 
folved  in  boiling  water.  An  addition  of  fugar  of  lead 
forms  a precipitate  by  double  affinity,  as  in  the  firft 
cafe,  confifling  of  the  acid  of  apples'  united  to  lead  j 
and  this  wafhed  precipitate  may  be  decompofed  by  the 
addition  of  diluted  vitriolic  acid,  which  combines  with 
the  lead,  and  lets  the  acid  of  apples  at  liberty. 

This  acid  exhibits  peculiar  properties.  It  cannot 
be  obtained  in  cryftals ; and  forms  deliquefcent  falts 
with  the  three  alkalis,  and  alfo  with  magnefla.  Its 
faline  combination  with  lime  is  cryftallizable ; and 
with  clay  it  forms  a fait  of  very  fparing  folubility.  It 
diffolves  iron,  with  which  it  forms  a fait  that  does  not 
cryftallize.  With  zinc,  it  forms  a fait  v/hich  affords 
beautiful  cryftals.  It  precipitates  the  nitrous  folutions 
of  mercury,  lead,  filver,  and  gold,  in  the  metallic  ftate  : 
when  nitrous  acid  is  diftilled  from  it,  it  is  converted 
into  acid  of  fugar. 

Many  vegetable  fubftances,  fuch  as  the  hulks  of 
nuts,  the  bark  of  the  oak,  the  nut-gall,  and  other 
vegetable  matters,  abound  with  a fubftance  which  has 
been  diftinguifhed  by  the  name  of  the  aftringent  prin- 
ciple. Its  diftinguilhing  character  is  that  of  preci- 
pitating iron  from  its  folutions  in  acids,  of  a black 
colour.  The  nut-gall  is  chiefly  ufed  for  this,  and  other 
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purpofes  wherein  the  application  of  this  property  is  vegetable 
required;  and,  as  it  refembles  acids  in  its  properties,  AC1DS- 
the  principle  has  been  called  the  acid  of  galls. 

The  acid  of  galls  is  obtained  by  macerating  the  Acid  of  galls 
nut-gall  in  water.  This  infufion  reddens  turnfole  and  t;on : 
blue  paper.  The  acid  is  foluble  in  oils,  ardent  fpirit, 
and  ether.  Acids  diflolve  it,  without  impairing  its 
property  of  forming  a black  precipitate  with  the  folu- 
tions  of  iron  : the  diftilled  products  of  nut-galls  like- 
wife  poflefs  the  fame  property.  It  decompofes  me- 
tallic folutions,  and  combines  with  their  calces  : gold 
and  filver  are  precipitated  by  it  in  the  metallic  date. 

It  adts  upon  and  diflolves  iron  directly. 

To  obtain  the  acid  of  nut-galls  in  a cryftallized  — in  the  cryftaW 
form,  one  pound  of  the  powder  of  galls  mult  be  added f°rm' 
to  fix  pounds  of  diftilled  water,  and  left  to  digeft  for 
a fortnight,  at  the  temperature  of  between  70  and  80 
degrees ; after  which,  the  fluid  muft  be  filtered,  and 
left  to  evaporate  fpontaneoufly  in  the  open  air,  in  a 
done-ware  or  glafs  veflel.  The  fluid  becomes  mouldy, 
and  covered  with  a thick  glutinous  pellicle;  abundance 
of  glutinous  flocks  fall  down  ; and  in  the  courfe  of 
two  or  three  months  the  fides  of  the  veflel  appear 
covered  with  fmall  yellowifh  cryftals,  which  are  like- 
wife  very  abundant  at  the  under  furface  of  the  pellicle 
which  covers  the  liquor.  The  fluid  muft  then  be  de- 
canted ; and  ardent  fpirit,  being  poured  upon  the  mu- 
cilaginous depofition,  the  cryftals  and  the  pellicle,  dif- 
■ folves  the  fait  by  the  afliftance  of  heat,  without  touching 
; the  mucilage  ; and,  by  evaporation  of  this  fpirituous 
1 folution,  the  pure  gallic  acid  is  obtained  in  fmall  bril- 
liant cryftals,  of  a grey  colour  inclining  to  yellow. 
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This  acid,  on  account  of  its  long  expofure  to  the 
air,  may  confift  either  of  a principle  exifting  in  the 
galls,  or  of  that  principle  converted  into  an  acid. 


Page  300. 

ttrs^an/habu"  It  has  the  following  properties : It  precipitates  martial 


tudes  of  the  acid  vitriol  and  other  falts  of  iron,  of  a beautiful  black 

of  galls. 

colour,  and  ftrongly  reddens  the  tincture  of  tumfole : 


Benzoin. 


when  heated,  with  contact  of  air,  it  fwells  up,  and 
burns,  leaving  a coal  behind  of  difficult  incineration : 
by  diftillation,  with  a gentle  heat,  part  of  the  acid 
comes  over  diffolved  in  the  water  of  cryftallization  : 
another  portion  fublimes  undecompofed  in  the  form  of 
fdky  cryftals  ; and  a ftrong  heat  feparates  a few  drops 
of  oil,  with  fixed  and  inflammable  air. 

The  acid  of  galls  is  foluble  in  twenty-four  parts  of 
cold  water,  or  three  of  boiling  water.  It  is  much 
more  foluble  in  fpirit  of  wine  ; four  parts  of  this  being 
fufficient  at  the  common  temperature,  or  one  when 
boiling  hot.  With  lime,  magnefia,  or  ponderous 
earth,  it  forms  falts  which  are  foluble  in  water : it 
unites  readily  with  the  alkalis,  and  forms  compounds, 
which  have  not  been  much  attended  to.  The  adlion 
of  the  nitrous  acid  converts  it  into  the  acid  of  fugar. 
This  acid  precipitates  gold,  filver,  mercury,  copper, 
iron,  and  bifmuth,  from  their  folutions  ; but  it  does 
not  affect  thofe  of  platina,  zinc,  tin,  cobalt,  and 
manganefe. 


The  fragrant  refm,  called  benzoin,  affords  a pecu- 
liar concrete  acid  by  fublimation,  which  is  about  one 
tenth  of  the  weight  of  the  refin  itfelf,  but  varies  in 
different  fpecimens.  This  acid  exifts  ready  formed 
in  the  benzoin ; but  cannot  eafily  be  walked  out  by 
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water,  on  account  of  the  refin  which  defends  it.  The  vegetable 
beft  method  of  obtaining  it,  in  the  humid  way,  is  the 
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following:  Lime-water  is  made  by  flacking  four  Method  of  ob- ^ 

ounces  of  quick-lime  with  twelve  ounces  of  water  ; of*  benzoin  in 
and,  as  foon  as  the  ebullition  is  over,  eight  pounds the  humldway‘ 
more  of  water  are  to  be  added.  Six  ounces  of  this 
lime-water  are  to  be  mixed  by  agitation  with  one 
pound  of  benzoin  in  powder,  and  the  whole  of  the 
lime-water  is  then  to  be  added ; the  mixture  being  ex- 
pofed  to  heat  over  a gentle  fire  for  half  an  hour  (dur- 
ing which  time  it  muft  be  continually  agitated,  to 
prevent  the  powder  from  coagulating),  is  afterwards 
fuffered  to  cool,  and  fettle  for  feveral  hours.  The 
clear  liquor  muft  then  be  decanted,  and  the  refidue 
boiled  for  half  an  hour  with  eight  pounds  of  water ; 
which,  after  fubfidence  and  decantation,  muft  be  added 
to  the  clear  fluid  of  the  firft  boiling.  The  ebullition 
of  the  refidue  of  the  matter  muft  be  again  twice  re- 
peated, and  the  decanted  lixiviums  added  to  the  fore- 
going. All  thefe  waters  are  then  to  be  evaporated 
to  two  pounds;  during  which  operation  a fmall  quan- 
tity of  refin  falls  down.  When  the  evaporated  liquor 
is  cool,  a quantity  of  marine  acid  muft  be  added  drop 
by  drop,  with  conftant  ftirring,  till  there  be  no  more 
precipitation,  or  till  the  mafs  has  a fourifh  tafte.  The 
precipitate  is  the  acid  of  benzoin. 

The  rationale  of  the  above  procefs  is  this : The  Rationale, 
lime  unites  with  the  acid  of  benzoin  during  the  ebul- 
lition : the  evaporation  feparates  a fmall  quantity  of 
refin ; and  diminifhes  the  aqueous  fluid  fo  much,  that 
in  the  fubfequent  part  of  the  operation  the  acid  of 
benzoin  may  fall  down,  and  be  feparated  for  want  of 
- F f 2 a fufli- 


AClf)  0£  BENZOIN. 


41* 


vegetable  a fufficient  quantity  of  .water  to  diffolve  it.  The  mz* 
rine  acid,  which  is  added  laft  of  all,  feizes  the  lime 
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the  acid  of  benzoin,  which  is  difengaged,  falls  dowm, 
on  account  of  its  fparing  folubility.  The  acid  thus 
obtained  has  the  form  of  a very  fine  powder.  If  it  be 
required  in  the  form  of  filky  threads,  it  may  be  dif- 
folved  in  boiling  water,  and  ffirained  through  a cloth. 
As  cold  water  diffolves  little  more  than  one  five 
hundredth  part  of  its  weight,  though  boiling  water 
diflolves  about  one  twentieth  of  this  acid,  the  greateil 
part  of  the  acid  feparates  by  cooling. 

The  acid  of  benzoin  combines  with  the  foluble  earths 
and  alkalis,  and  forms  compounds,  which  have  been 
little  attended  to.  It  is  foluble  in  the  vitriolic  and 
nitrous  acids  •,  and  may  be  again  feparated,  without 
alteration,  by  the  addition  of  water.  Its  habitudes 
with  thefe  acids,  particularly  the  latter,  when  heated, 
have  not  been  fatisfadlorily  afcertained.  If  its  nature 
be  changed  by  diftillation  wdth  nitrous  acid,  it  feems 
probable  that  it  is  efte£le*d  with  much  more  difficulty 
than  is  experienced  with  other  vegetable  acids. 
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CHAP.  IV. 

CONCERNING  THE  ACIDS  OF  TARTAR  AND  OF 

SORREL. 


T ’HE  two  acids  which  are  ufually  found  in  com-  vegetable 


ACIDS. 


bination  with  a portion  of  the  vegetable  alkali, 
are  the  acid  of  tartar  and  of  wood  forrel.  Tartar  Tartar, 
has  for  a long  time  been  confidered  as  one  of  the 
products  of  the  vinous  fermentation ; but  it  exifts 
ready  formed  in  mult,  in  verjuice,  and  is  likewife 
obtained  in  other  chemical  proceffes  with  vegetables. 

However,  it  is  obtained,  for  all  the  purpofes  of  com- 
merce, from  wine  ; during  the  infenfible  fermentation 
of  which  liquid,  it  is  gradually  depofited  on  the  Tides 
of  the  calks. 

Crude  tartar  is  feldom  ufed  in  medicine,  or  philo-  Cream  and  cryf- 
fophical  chemiftry ; the  refined  tartar  is  known  by  the  tdls  oi  tarUu 
name  of  cream,  or  cryfhls,  of  tartar.  The  purification 
of  this  fait  is  effected  by  diffolving  it  in  boiling  water, 
filtering  and  fuffering  it  to  cryltallize  by  cooling  ; the 
cryflals  are  again  boiled,  together  with  an  argillaceous 
earth,  to  deprive  them  of  their  impurities,  which  are 
carefully  feummed  off';  or  elfe  with  whites  of  eggs, 
which  anfwer  the  fame  purpofe.  When  no  more 
feum  arifes,  a faline  pellicle  is  formed  at  the  top  of 
the  liquor,  at  the  fame  time  that  the  cryltallization 
goes  forward  at  the  bottom.  This  fait,  after  the  earth 
is  walhed  off  with  cold  water,  is  fold  under  the  name 
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of  cream,  and  cryftals  of  tartar.  The  cream  of  tar- 
tar confifts  of  the  minute  cryftals  which  are  formed 
at  the  top  of  the  liquor,  and  the  cryftals  of  tartar  are 
formed  at  the  bottom. 

The  tafte  of  this  purified  fait  is  lefs  vinous  than 
that  of  the  crude  tartar.  When  expofed  to  heat,  it 
boils  up,  emits  an  epyreumatic  fmell,  and  becomes 
black  and  coaly ; a ftronger  heat  in  an  open  fire 
entirely  diflipates  its  acid  part,  and  leaves  the  vegeta- 
ble alkali  in  a mild  ftate,  or  combined  with  fixed  air. 
Its  volatile  produdls,  by  a gradual  fire,  are  water,  an 
acid,  and  an  epyreumatic  oil,  which  is  followed  by 
feme  volatile  alkali,  and  a large  quantity  of  fixed  air. 
Cryftals  of  tartar  are  foluble  in  twenty-eight  parts  of 
boiling  water ; three-fourths  of  the  fait  are  depofited 
in  cooling.  If  the  folution  of  this  fait  be  left  expofed 
to  the  air,  it  is  very  flowly  decompofed ; mucilage 
is  depofited,  the  acid  difappears,  and  after  eighteen 
months  the  liquid  is  found  to  contain  the  vegetable 
alkali,  amounting  to  nearly  one-fourth  of  the  weight 
of  the  tartar.  This  quantity  of  alkali  being  nearly 
the  fame  as  is  afforded  by  the  incineration  of  tartar, 
is  a proof  that  the  vegetable  alkali  is  not  a produdl  of 
fire,  as  was  formerly  fuppofed. 

The  habitudes  of  tartar  with  clay  and  ponderous 
earth  have  not  been  afeertained.  Magnefia  forms  with 
it  a foluble  fait.  Chalk  unites  with  the  excefs  of  acid 
in  the  tartar,  and  feparates  the  neutral  fait  j confiding 
of  the  vegetable  alkali,  faturated  with  the  tartareous 
acid,  which  is  known  by  the  name  of  foluble  tartar. 
If  the  vegetable  alkali  be  added  to  a folution  of  cream 
of  tartar,  in  fuch  a quantity  as  to  faturate  it,  the  fame 

neutral 


PURIFIED  TARTAR. 


439 


neutral  fait,  or  foluble  tartar,  will  be  formed.  This  vegetable 
has  a bitter  tafte,  and  is  decompofed  by  heat,  affording  t AL^DS-  ^ 
the  fame  volatile  produdfts  as  cream  of  tartar.  It  is  Soluble  tai-tar. 
foluble  in  four  parts  of  water  heated  to  no°,  and 
affords  cryftals  which  are  flightly  deliquefeent. 

It  is  a curious  fa£l,  though  by  no  means  fmgular  Curious  fa<£t. 
in  the  hiftory  of  neutral  falts,  that  two  very  foluble 
fubftances,  fuch  as  the  vegetable  alkali,  and  the  acid 
of  tartar,  fhould  compote  a fait  of  fo  little  fallibility 
as  the  cryftals  of  tartar;  more  efpecially,  as  the  point  g 

• of  the  greateft  difficulty  of  folution  is  not  that  at 
which  they  are  faturated,  but  that  in  which  the  acid 
fo  confiderably  abounds. 

If  to  twenty  ounces  of  purified  tartar,  diflolved  in  Manufaflure  of 
four  pounds  of  boiling  water,  the  pure  cryftallized Rochclle  falr‘ 
mineral  alkali  be  added,  until  the  faturation  be  com- 
plete, as  may  be  judged  by  any  additional  quantity 
producing  no  effervefcence ; the  alkali  laft  added  will 
combine  with  the  fuperfluous  acid  of  the  tartar,  and 
form  the  neutral  combination  called  the  fait  of  Seig- 
nette,  or  Rochelle  fait ; at  the  fame  time  that  the  refi- 
due  of  the  tartar  will  become  converted  into  foluble 
tartar.  By  evaporating  the  liquor  nearly  to  the  con- 
•fiftence  of  fyrup,  the  Rochelle  fait  is  obtained  in 
beautiful  regular  prifrns,  of  fix  or  eight  fides,  which 
efRorefce  in  the  air,  and  are  decompofed  by  heat  in 
the  fame  manner  as  foluble  tartar. 

By  the  fame  treatment  with  volatile  alkali,  an  am- 
moniacal  tartareous  fait  is  formed,  which  affords  cryf- 
tals that  effforefee  in  the  air. 

If  the  mineral  acids  be  added  to  tartar,  they  com-  Ammoniac.il fait 
•bine  with  its  alkali,  and  form  the  fame  falts  as  they  ot  UlUU 
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vegetable  . would  have  produced  by  diredt  union  with  the  vege- 
ACIDS‘  table  alkali. 

Tartar  has  long  been  an  objedb  of  attention  with 
chemifts,  and  it  is  ufed  as  an  acid  in  many  of  the 
arts.  This  fait  appears  to  be  capable  of  uniting  with- 
out decompofition,.  and  forming  triple  falts  with  mod 
of  the  metals. 

The  pure  acid  of  tartar  may  be  obtained  by  fatu- 
rating  three  parts  of  cream  of  tartar  with  chalk  or 
lime  5 the  former  of  which  combines  with  the  fuper- 
fluous  acid,  and  the  latter  feizes  the  whole.  The  cal- 
careous tartar,  which,  on  account  of  its  infolubility, 
remains  at  the  bottom,  is  then  to  be  well  wafhed,  and 
digefted  with  about  one  part  of  vitriolic  acid,  together 
with  a fufficient  quantity  of  water.  In  this  manner 
the  acid  of  tartar  is  difengaged.  The  felenite  formed 
by  the  combination  of  the  vitriolic  acid  and  the  lime, 
will  be  feparated,  and  fall  down,  by  evaporating  the 
water  ; and  the  acid  which  remains  may  be  crystallized 
by  further  evaporation  and  cooling. 

Or,  more  fimply,  one  pound  of  cream  of  tartar  may 
be  boiled  in  five  or  fix  pounds  of  water,  and  a quar- 
ter of  a pound  of  clear  and  colourlefs  denfe  vitriolic 
acid  may  be  added  by  little  and  little.  "When  a com- 
plete folution  is  obtained,  the  fluid  will  then  contain 
difengaged  acid  of  tartar,  together  with  vitriolated 
tartar,  or  the  neutral  fait,  formed  by  the  union  of  the 
vitriolic  acid  with  the  vegetable  alkali.  The  vitri- 
olated tartar,  being  a fait  of  fparing  folubilityy  will  be 
precipitated  by  continuing  the  boiling.  When  the  li- 
quor is  evaporated  to  one  half,  it  is  to  be  filtered  ; and 
if,  upon  further  evaporation,  any  thing  more  is  preci- 
pitated* 


— or  other  wife. 
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pitated,  it  muft  be  filtered  again.  The  clear  liquor  vegetable 
being  then  reduced  to  the  confidence  of  a fyrup,'  and  t ACIDS-  ^ 

^ v V ' 1 

let  by  in  a temperate  or  rather  warm  place,  will  afford 
fine  cryftals  of  tartareous  acid,  equal  in  weight  to  Acid  of  tartar: 
half  the  cream  of  tartar  employed.  If  too  fmali  a 
quantity  of  vitriolic  acid  has  been  ufed,  part  of  the 
:ream  of  tartar  will  not  -be  decompofed,  but  will 
Teparate  from  the  liquor  along  with  the  vitriolated 
:artar.  It  is  better  therefore  to  ufe  too  little  rather 
thhan  too  much. 

The  cryftallized  tartareous  acid  melts,  fumes,  be-  --its  charaftcrs, 
;:omes  black,  and  burns,  by  the  contact  of  ignited 
Dodies.  By  diftillation  it  affords  an  acid  phlegm,  a 
iff  fmali  quantity  of  oil,  and  much  fixed  air,  together 
iq  with  inflammable  air  •,  leaving  behind  a coaly  refidue, 

\ which  contains  neither  acid  nor  alkali. 

The  cryftals  of  tartareous  acid  do  not  change  by  and  habitude*, 
tixpofure  to  air  *,  they  are  much  more  foluble  in  water 
than  cream  of  tartar  itfeif.  This  acid  diffolves  clay, 
and  forms  a fait  which,  by  evaporation,  affumes  a clear 
yummy  confidence,  and  does  not  deliquefce  in  the 
fir.  The  fame  appearance  is  exhibited  with  mag- 
i refia  : with  lime,  it  forms  a fait  which  is  fcarcely  at 
ill  foluble ; a due  proportion  of  vegetable  alkali  con- 
certs it  into  cream  of  tartar,  which  falls  down  if  the 
f ■ vater  of  folution  be  not  fufficiently  abundant,  but  is 
liffolved  again  if  more  alkali  be  added,  fo  as  to  con- 
cert it  into  foluble  tartar.  Thefe  fynthetical  opera- 
ions  fhew  that  the  tartareous  acid  is  not  altered  by 
.he  procefs  of  extrading  it  from  cream  of  tartar. 

With  the  mineral  alkali  it  forms  the  Rochelle  fait, 
uul  with  volatile  alkali  it  forms  a cryftallizable  fait. 

In 
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SALT  OF  SORREL. 


VEGETABLE 

ACIDS. 


Salt  of  forrel : 


— cha  rafters : 


— aftion  upon 
various  fub- 
ftances. 


In  this  laft  combination  there  is  a term  at  which 
cryftals  of  fparing  folubility,  like  thofe  of  cream  of 
tartar,  are  formed  ; and  in  this  cafe  likewife  the  acid 
of  tartar  is  far  from  being  faturated  with  the  alkali. 

This  acid  is  convertible  into  the  faccharine  acid  by 
diftillation  with  llrong  acid  of  nitre : and  it  is  con- 
verted into  acetous  acid  by  digeftion  with  water  and 
ardent  fpirits. 

V t 

Salt  of  forrel  is  a cryftallized  fait ; fo  denominated 
becaufe  it  is  obtained  from  the  wood  forrel,  or  oxalis 
aceto-fella  of  Linnaeus,  for  the  purpofes  of  commerce  j 
though  it  may  be  obtained  from  fome  other  plants. 
It  is  in  white  cryftals,  whofe  figure  has  not  been  well 
determined,  on  account  of  their  minutenel's.  When 
it  is  expofed  to  diftillation  in  a retort,  the  acid  is  partly 
decompofed  ; a confiderable  quantity  of  acid  phlegm 
comes  over,  which  is  without  fmell  or  colour,  and  con- 
fifts  of  the  acid  itfelf,  fcarcely  altered  ; and  the  refidue 
affords  vegetable  alkali,  amounting  to  fomewhat  more 
than  one  third  of  the  weight  of  the  fait.  Expofure  to 
air  does  not  alter  the  fait  of  forrel.  It  is  very  fpar- 
ingly  foluble  in  cold  water : but  boiling  water  may 
take  up  one  fixth  part,  or  more,  of  its  weight ; the 
quantity  varying  according  to  the  ftate  and  purity  of 
the  fait,  which  feems  to  vary  in  different  fpecimens. 

Sait  of  forrel  a£fs  upon  various  fubftances  without 
decompofition.  With  ponderous  earth,  magnefia,  ve- 
getable alkali,  and  volatile  alkali,  it  forms  triple  falts. 
Lime  decompofes  it  by  feizing  the  whole  of  the  acid, 
and  difengaging  the  alkali.  The  attra&ion  of  this 
acid  for  lime  is  fo  ftrong,  that  it  cannot  be  difengaged 

from 
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j from  it  by  any  other  acid:  another  procefs  is  there-  vegetable 
fore  neceflary  to  be  ufed  for  obtaining  it.  With  this  t AC*DS’  ^ 
j intention,  the  fuperabundant  acid  is  to  be  faturated  Method  of  puri- 
with  volatile  alkali ; and  into  this  folution  muft  be  [orreh*16  aad 
poured  a folution  of  ponderous  earth  in  the  nitrous 
acid.  The  laft-mentioned  acid  combines  with  the  al- 
kalis, forming  nitrous  ammoniac,  and  common  nitre, 
both  which  remain  in  folution ; while  the  ponderous 
earth,  combining  with  the  acid  of  forrel,  forms  an  in- 
foluble  compound,  which  falls  to  the  bottom.  This 
precipitate,  after  being  well  wafhed,  may  be  decom- 
pofed  by  the  addition  of  vitriolic  acid,  which  feizes 
the  earth,  and  likewife  forms  an  infoluble  combination, 
while  the  acid  is  fet  at  liberty.  After  decantation  of 
the  clear  liquid,  it  muft  be  affayed  by  pouring  into  it  a 
little  at  a time  of  the  boiling  hot  folution  of  ponde- 
rous earth  in  the  acid  of  forrel.  If  there  be  any  ex- 
cefs  of  vitriolic  acid,  a precipitate  will  be  formed  by 
its  union  with  the  ponderous  earth.  A due  evapora- 
tion and  cooling  of  this  liquor  afford  the  acid  of  forrel, 
in  prifmatic  four-fided  cryftals  or  Square  plates. 

This  acid  has  a considerable  degree  of  ftrength.  Characters. 
Expofed  to  heat  in  a retort,  it  falls  into  powder,  with 
the  lofs  of  three  tenths  of  its  weight,  after  which  it 
melts,  boils  up,  at  the  fame  time  that  its  colour  changes  . 
to  a brown.  An  acid  phlegm  comes  over,  and  part 
of  the  acid  fublimes  without  alteration;  Fixed  air 
and  inflammable  air  are  difengaged  during  this  de- 
composition of  the  acid ; and  their  quantity  is  greater, 
the  more  violent  the  heat. 

Boiling  water  diffolves  its  own  weight  of  this  con-  Combinations. 
Crete  acid  fait,  half  of  which  is  Separated  in  cryftals 

by 
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vegetabie  by  cooling.  It  diffolves  clay,  and  affords  a deliquef- 
v AC*Db*  t cent  mafs  by  evaporation.  "With  ponderous  earth 
Combinations  of  it  forms  a fait  fcarcely  foluble,  except  there  be  an 
ref.  aCld  °f  f°r"  excels  of  acid  5 in  which  cafe  it  affords  tranfparent 
cryftals,  which  become  opake,  powdery,  and  infoluble, 
when  the  excefs  of  acid  is  taken  up  by  boiling  water. 
With  magnefia,  it  forms  a white  powdery  fait;  and 
with  lime  it  forms  an  infoluble  compound,  which 
cannot  be  decompofed  in  the  moift  way,  becaufe  the 
affinities  of  thefe  two  fubftances  are  ftronger  than  any 
which  exift  between  either  of  them  and  other  known 
bodies.  From  this  property,  the  acid  of  forrel  is  ufed 
as  the  tefl  of  the  prefence  of  lime,  which  it  precipi- 
tates from  all  its  combinations. 

Synthefis.  If  vegetable  alkali  be  gradually  added  to  a folution 
of  this  acid  in  water,  a precipitate  falls  down,  which 
is  the  fait  of  forrel,  and  contains  the  acid  in  excefs.  A 
farther  addition  of  alkali  faturates  the  acid,  and  forms 
a very  foluble  fait,  which  is  capable  of  cryflailizing,  if 
the  alkali  be  in  excefs.  With  an  excefs  of  the  mine- 
ral alkali  it  forms  a fait  of  fparing  folubility.  With 
volatile  alkali  it  affords  a cryftallizable  fait ; and  with 
both  thefe  alkalis,  if  the  acid  be  in  excefs,  it  forms 
a lefs  foluble  fait,  fimilar  to  what  happens  with  the 
vegetable  alkali. 

It  a£ts  on  feveral  of  the  metals  diredlly,  but  in 
general  combines  more  readily  with  their  calces. 

This  aGid  does  not  differ  from  the  acid  of  fugar. 
Treatment  with  nitrous  acid  converts  it  into  acetous 
acid  and  fixed  air ; or  totally  into  the  latter,  if  the 
action  be  rapid. 


CHAP. 
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CHAP.  V. 

CONCERNING  THE  VEGETABLE  ACIDS  PRODUCED  OR 
DEVELOPED  BY  DESTRUCTIVE  DISTILLATION, 

OR  BY  THE  ACTION  OR  NITROUS  ACID. 


I 


N the  courfe  of  the  preceding  accounts  of  the  vegetable 


acids 


vegetable  acids,  it  may  be  obferved,  that  they  are 

& \ J ARTIFICIAL. 

all  fubjedf  to  great  alterations  by  the  adlion  of  che-  i v j 
mical  agents 5 and  they  are  all  fubjedt  to  fpontaneous  on^^con^pofi 
decompofition.  They  feem  to  obtain  their  acid  pro-  tion  and  decom- 

...  . . pofition  of  vege- 

perties  by  the  combination  of  a bafe  with  the  vital  table  bodies, 
part  of  the  air,  in  the  fame  manner  as  has.  been  more 
fully  {hewn  with  regard  to  the  mineral  acids  ; but  they 
appear  to  be  of  too  compounded  a nature  to  retain 
the  order  or  arrangement  of  their  component  parts 
through  thofe  great  varieties  of  temperature,  to  which 
in  general  the  mineral  acids  may  be  fubjedfed.  Heat 
alters  the  arrangement  of  their  component  parts,  and 
feparates  them  from  each  other  in  a new  form.  The 
produdts  of  all  vegetable  fubftances  including  thefe 
acids  are  found,  when  urged  by  fire,  to  be  water,  fixed 
air,  inflammable  air,  oil,  coal,  and  alkali.  If  we 
confider  water  as  decompofable,  and  confifling  of  vital 
and  inflammable  air  ; if  we  confider  oil  as  compofed 
of  fixed  air  and  inflammable  air ; and  again,  whether 
we  admit  charcoal  to  confilt  chiefly  of  inflammable 
air,  according  to  the  opinion  of  forne  chemifts,  or  of 

the. 
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vegetable  the  peculiar  balls  of  fixed  air,  according  to  others ; 

and,  laftly,  if  fixed  air  be  allowed  to  confift  of  char- 

ARTIFICIAL.  . 

i ><  coal  united  to  vital  air,  whether  the  charcoal  be  con- 

Simpirgity  and  ceiveci  as  a peculiar  fubftance,  or  as  inflammable  air 

final  l number  ot  1 

vegetable  prind-  in  a Hate  of  condenfation ; we  fhall  at  length  find 
pleS’  that  the  component  parts  of  vegetables  are  very  few  ; 

infomuch  that,  if  the  foregoing  pofitions  were  clearly 
eftablifhed,  they  would  confift  either  of  charcoal,  vital 
air,  and  inflammable  air,  or  elfe  of  vital  air  and  in- 
flammable air  only.  From  the  various  proportions 
of  thefe,  in  different  dates  of  condenfation,  it  would 
follow,  that  water,  fixed  air,  oils,  mucilages,  and  acids, 
are  produced  ; and  that  the  beautiful  variety  of  nature 
arifes  from  this  arrangement  and  combination. 

The  firft  adtion  of  fire  upon  the  vegetable  acids 
does  not  in  general  alter  their  combinations  fo  much, 
but  that  fome  other  acid  comes  over  together  with 
the  elaftic  produdls.  Thefe  acids,  which  on  account 
of  the  peculiar  fmell  which  they  obtain  from  the  fire 
are  called  empyreumatic,  would  probably,  on  exami- 
nation, be  found  to  be  of  various  kinds.  Thofe  which 
have  hitherto  engaged  the  attention  of  chemifts,  are 
the  empyreumatic  acid  of  tartar ; the  empyreumatic 
acid  of  fugar  or  mucilage,  formerly  called  fpirit  of 
honey  and  the  empyreumatic  acid  of  wood,  which  is 
fuppofed  to  be  the  fame  in  all  woods,  and  has  been 
diftinguifhed  by  the  name  of  fpirit  of  box. 


Empyreumatic 

acids. 


Empyreumatic  The  empyreumatic  acid  of  tartar,  is  the  acid  phlegm 
aud  of  tartar,  comes  over  when  cream  of  tartar  is  expofed 

to  diftillation.  This  acid  is  impure,  on  account  of 
fome  oil  which  comes  over  with  it,  and  from  which 
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it  can  only  be  feparated  by  the  funnel;  becaufe  it  di-  vegetable 
lates  fo  fuddenly,  when  an  attempt  is  made  to  reftify  AR^J^CSIAL 

it  by  a fecond  diftillation,  that  it  burfts  the  veffels.  v y 1 

The  acid  properties  of  this  fluid  are  fufficiently  appa- 
rent,  though  it  does  not  redden  the  tinfture  of  violets, 
as  it  does  turnfole  and  blue  paper.  It  forms  peculiar 
compounds  with  the  earths  and  alkalis,  which  have 
not  been  much  examined,  but  are  very  different  from 
thofe  afforded  by  the  acid  of  tartar. 

When  infipid  gummy  faccharine  or  farinaceous  mu of  fugar  or 

cilages  are  expofed  to  diftillation,  an  empyreumatic mucila(>e  ° 
acid  comes  over,  of  a reddifh  yellow  colour,  and  a 
bitter,  acrid,  and  four  tafte.  By  re£lification  with  the 
addition  of  clay,  the  acid  comes  over  clear,  and  lefs 
empyreumatic.  It  does  not  afford  cryftals,  but  may 
be  concentrated  by  freezing,  which  converts  its  aque- 
ous part  into  ice.  In  this  ftate  it  ftrongly  reddens 
blue  vegetable  colours,  and  forms  a red  fpot  where  it 
falls  on  the  fkin.  By  diftillation,  cau,tioufly  managed 
in  clofe  veffels,  it  may  be  converted  for  the  raoft  part 
into  fixed  and  inflammable  air. 

The  empyreumatic  acid  of  fugar  attacks  and  dif- 
folves  the  foluble  earths  and  alkalis.  It  corrodes  lead, 
copper,  tin,  and  iron : but  the  compounds  it  forms 
with  thefe  bodies  have  been  little  attended  to. 

Box,  birch,  and  other  woods,  when  expofed  to  dif- 
tillation, afford  that  peculiar  acid,  which  is  fo  offenfive 
to  the  eyes  when  the  fmoke  of  a fmothering  wood 
fire  forces  itfelf  into  an  apartment.  This  acid  has 
confiderable  ftrength.  The  oil  which  comes  over 

with 
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vegetable  with  It,  may  be  feparated,  either  by  (landing  for  fom£ 
months,  or  bv  rectification.  It  cannot  be  obtained 

ARTIFICIAL.  7 1 

v v j in  a concrete  form.  A (Irong  heat  decompofes  it. 

Acid  of  wood,  with  earthy  and  alkaline  bafes  it  forms  peculiar  falts, 
whofe  general  properties  have  not  been  minutely  en- 
quired into.  As  the  properties  of  the  acid  obtained, 
from  a confiderable  variety  of  woods  have  proved  to 
be  the  fame,  it  is  prefumed  that  all  woods  contain 
this  common  acid,  or  at  lead  that  combination  of 
principles  which  conftitutes  its  bafe.  - 

Obfervations  on  Since  the  acidification  of  combuftible  fubftances  is 
trous  acid  upon  evidently  produced  by  the  application  or  combination 
vegetable  bodies,  Df  vitai  air  . anj  aSj  jn  aq  t]ie  operations  of  chemiftry, 

effedls  may  be  produced  by  one  mode  of  combination, 
which  are  imprafticable  in  others  ; it  becomes  necef- 
fary,  in  chemical  refearches,  to  try  every  means  which 
can  be  devifed.  Few  vegetable  acids  are  artificially 
produced  by  the  diredt  application  of  vital  air  to  the 
principles  of  that  clafs  of  bodies  ; but  many  experi- 
ments have  been  made  by  abftradling  the  nitrous  acid 
from  vegetables  by  diftillation.  This  acid,  as  we  have 
frequently  had  occafion  to  obferve,  is  very  eafily  de- 
compofed,  when  applied  to  combuftible  bodies,  which 
attradl  its  vital  air,  and  difengage  either  nitrous  or 
phlogifticated  air,  as  we  have  explained  in  our  chapter 
Chap.  III.  IV.  upon  that  acid.  It  has  likewife  been  obferved,  in  va- 
rious parts  of  the  prefent  fedtion,  that  this  acid,  when 
repeatedly  diftilled  from  gums,  mucilages,  fugar,  the 
acids  of  tartar,  of  apples,  and  of  gall,  produces  the 
peculiar  acid  which  has  been  called  the  acid  of  fugar; 
and,  if  the  abftradlion  be  repeated  too  often,  the  acid 

of 
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of  fugar  itfelf  is  converted  into  fixed  air.  From  this  vegetable 

view  of  the  fubie£t,  together  with  other  fails,  it  has  ACIDS  ’ 

been  inferred,  that  a greater  or  lefs  proportion  of  vital  i ...  v . j 

air,  united  with  one  general  principle  abundantly 

exilling  in  charcoal,  whether  this  principle  be  inflam-  vegetable  bodies. 

mable  air  or  not,  produces  all  the  various  acids  of 

vegetables.  Thus  tartar,  which  is  the  leaft  acidified, 

is  laid  to  become  converted  into  the  acid  of  apples  by 

treatment  with  nitrous  acid.  The  acid  of  apples,  by 

a continuance  of  the  operation,  becomes  converted 

into  acid  of  fugar,  or  acid  of  forrel,  which  are  the 

fame  thing.  The  fame  procefs,  further  continued, 

affords  vinegar *,  which  comes  over.  Hence  it 

fhould  feem  that,  according  to  the  greater  progrefs 

\ 

which  the  operation  of  combuftion,  or  the  combi- 
nation of  vital  air  with  the  bafe  (which  at  the  fame 
time,  according  to  the  ancient  theory,  is  fuppofed  to 
be  more  dephlogifticated),  the  acids  of  tartar,  of 
apples  or  unripe  fruit,  of  forrel  or  fugar,  of  vinegar, 
and  laftly,  of  fixed  air,  are  produced.  In  this  order 
of  proceeding,  the  acids  become  more  and  more 
perfedl,  and  lefs  eafily  decompofable : and  on  this 
account  probably  it  is,  that  attempts  to  reverfe  the 
proceffes  have  not  hitherto  been  attended  with  much 
fuccefs. 

Since  the  difcovery  that  the  acid  of  fugar  does  not  Difference  be- 

• tween  the  acids 

differ  from  that  of  forrel  but  in  containing  a fmall  0f  fugir  ^ f^r. 

proportion  of  alkali,  the  procuring  of  the  former  in  re1, 

the  expenfive  way  of  diftillation  with  nitrous  acid,  is 

See  Scheele’s  Eflays,  Englifli  tranflation,  page  385  ; and  the 
Journal  dc  Phyfique  for  January  1788,  page  59. 
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vegetable  become  unneceffa-ry.  We  {hall,  neverthelefs,  defcribe 


acids  : 


ARTIFICIAL. 


the  procefs  here,  as  an  example  of  that  method  of 


operating. 


i he  procefs  lor  Three  ounces  of  ftrong  nitrous  acid,  whofe  fpe- 


converting  fugar 

into  an  acid.  cific  gravity  was  nearly  1.567,  were  mixed  in  a tu- 
bulated retort  with  one  ounce  of  the  fined  fugar  in 


Obfervatioit. 


powder.  Much  nitrous  air  efcaped  in  red  fumes, 
formed  by  combination  with  the  vital  air  of  the  atmo- 
fphere.  A receiver  was  then  adapted,  and  the  liquor 
gently  boiled.  As,foon  as  the  mixture  had  acquired  a 
dark  brown  colour,  three  additional  ounces  of  nitrous 
acid  were  added,  and  the  boiling  was  continued  until 
the  coloured  and  fuming  acid  had  entirely  difap- 
peared.  The  liquor  being  then  poured  out,  afforded 
fmall  prifmatic  cryltals  by  cooling,  which  are  the  acid 
of  fugar.  The  lixivium  being  again  treated  in  the 
fame  manner,  with  two  ounces  of  nitrous  acid,  afford- 
ed an  additional  portion  of  acid  of  fugar  by  cooling ; 
and  the  remaining  glutinous  liquor,  treated  at  different 
times  with  fmall  quantities  of  nitrous  acid,  amount- 
ing in  the  whole  to  two  ounces,  and  evaporated  to 
drynefs,  afforded  a faline  mafs  : and,  laftly,  the  whole 
was  depurated  by  repeated  folutions  and  cryftalliza- 
tions  in  water.  In  this  way,  with  three  parts  of  fugar, 
and  thirty  of  nitrous  acid,  the  quantity  of  one  part  of 
acid  of  fugar  is  obtained. 

The  above  procefs  is  taken  from  Bergmann : but  it 
may  be  obferved  that  weak  nitrous  acid,  or  common 
aqua  fortis,  will  anfwer  the  purpofe  as  well  as  the 
concentrated  acid ; and  that,  where  it  is  not  an  objeft 
to  colled!  the  acid  which  comes  over,  there  will  be 
no  need  of  any  receiver,  or  other  apparatus,  except  a 

matrafs* 
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inatrafs,  or  Florence  flafk,  to  perform  the  operation  vegetable 
in  a chimney  where  there  is  a proper  draught  of  air  ACIDS  : 
to  carry  off  the  acid  fumes.  ARTincnAL; 

The  acid  of  camphor*  is  produced  by  diftilling  the  Acid  of  camphor, 
nitrous  acid  eight  fucceflive  times  from  camphor.  It 
is  of  a concrete  cryftalline  form,  of  a bitter  tafte,  and 
reddens  the  tinctures  of  violets  and  turnfole.  It  dif- 

■* 

fers  from  the  acid  of  fugar  in  not  feparating  lime 
from  the  marine  acid.  With  vegetable  alkali  it  forms 
a fait  in  regular  hexagons ; with  mineral  alkali,  a fait 
in  irregular  cryftals ; with  volatile  alkali,  prifmatic  or 
needle-formed  cryftals ; and  with  magnefia,  a pulve- 
rulent foluble  fait.  It  diffolves  feveral  metallic  fub- 
ftances.  But  fubfequent  enquiries  are  wanting  to 
eftablifh  the  peculiar  nature  and  properties  of  this 
acid. 

By  diftilling  four  times  its  weight  of  nitrous  acid  Acid  of  cork, 
from  cork,  a yellowifh  thick  acid  matter  is  obtained, 
which  is  foluble  in  water,  and  has  an  auftere  bitterilh 
tafte.  It  does  not  cryftallize,  but  becomes  confiftent 
like  wax  by  evaporation ; is  foluble  in  ardent  fpirit  $ 
forms  deliquefcent  falts  with,  the  earths  and  alkalis ; 
and  has  as  ftrong  an  attraction  for  lime  as  the  acid  of 
fugar  f . 


~ Kofegarten,  Nouv.  de  la  Republ.  des.  Lettres,  Annee  1785, 
Nos.  42  and  44}  quoted  by  Fourcroy,  Elem.  Chem.  iv.  104, 
edition  of  1789. 

t Rrugnatelli,  in  the  Journal  de  Phyfique,  August  1787;  or 
Greffs  Annals  for  the  fame  year. 
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CHAP.  VI. 


ON  THE  DESTRUCTIVE  DISTILLATION  OF  VEQETAELE 

SUBSTANCES. 


Vegetable 

PRODUCTS 
BY  FIRE. 


Dertrudtive  dif- 
tillation. 


1 


TN  tfye  foregoing  chapters  we  have  occafionally 
treated  of  the  decomposition  of  vegetables  by  de- 
ftrudtive  diftillation,  and  have  defcribed  the  volatile 
products  it  affords-  As  the  immediate  principles  of 
organized  fubftances  are  for  the  molt  part  very  com- 
pounded. and  the  extreme  temperature  produced  in 
this  method  tends  to  reduce  them  to  their  primary 
component  parts,  it  is  evident  that  very  little  can  be 
learned  in  this  way  concerning  that  on  which  the 
various  properties  of  thofe  fubftances  depend.  But  as 
the  chemift  ought  to  negledt  none  of  the  methods  he 
poffeffes  of  producing  changes  in  bodies,  this  procefs 
may  have  its  ufe  when  compared  with  others,  and 
more  efpecially  when  we  Shall  have  arrived  at  that 
knowledge  of  the  firft  principles  of  organized  fub- 
ftances, which  from  a variety  of  fadls,  and  the  late 
rapid  progrefs  of  chemiftrv,  we  have  reafon  to  hope 
for.  We  Shall  therefore  proceed  to  defcribe  the  gene- 
ral phenomena  of  deftrudtive  diftillation. 

This  procefs  confifts  merely  in  expofing  any  organ- 
ized fubftance  to  heat  in  a retort,  placed  in  a rever- 
beratory furnace.  The  ancient  chemifts,  who  paid 
no  attention  to  the  elaftic  produfls,  except  fo  far  as 

their 
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their  expanfive  force  impeded  their  operations,  ufually 
drilled  a lmall  hole  in  the  upper  p$rt  of  the  receiver  for 
their  efcape.  Modern  chemiftry  proceeds  in  a more 
fcientific  manner,  by  ufing  the  pneumatic  apparatus, 
fig.  21.  The  firft  product  which  comes  over  in  the 
diftillation  of  vegetables,  is  a watery  fluid,  contain- 
ing acid  and  odorant  principles..  In  proportion  as  the 
deftruclion  of  the  vegetable  proceeds,  the  phlegm  be- 
comes deeper  coloured,  and  more  faline.  Next  fol- 
lows a coloured  oil,  which  becomes  of  a darker  hue 
as  the  diltillation  proceeds,  and  varies  greatly  accord- 
ing to  the  nature  of  the  plant  ; for  it  conflfts  chiefly 
of  the  eflential  oil,  which  comes  over  in  a foul  Hate, 
and  differs  in  its  fixity,  denfity,  fufibility,  and  all  its 
other  properties  according  to  the  nature  and  quantity 
of  the  eflential  oil  which  predominates  in  it.  All 
the  products  obtained  in  this  way  have  a peculiar 
burned  fmell,  which  chemifts  diftinguilh  by  the  name 
of  empyreumatic.  If  the  vegetable  contain  volatile 
alkali,  or  its  component  parts,  this  fubftance  ufually 
fublimes  when  the  oil  comes  over.  The  elaftic  fluids 
which  pafs  into  the  apparatus  of  inverted  veffels  are 
chiefly  inflammable  air,  or  fixed  air,  or  a mixture  of 
both  (probably  in  combination),  which  is  heavier  than 
pure  inflammable  air,  and  burns  with  a lambent  blue 
flame,  inftead  of  detonating  like  that  elaftic  fluid. 
The  heat  muft  be  very  gradually  raifed,  and  the  re- 
ceivers changed  from  time  to  time,  in  this  method  of 
decompofltion ; otherwife  the  products  which  come 
over  will  be  confounded  together,  and  the  refults  will 
of  courfe  be  more  fallacious  than  they  would  otherwife 
have  been.  The  fixed  refidue  confifts  of  charcoal,  a 
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CHARCOAL. 


VEGETABLE 
PRODUCTS 
BY  FIRE. 

A 


Empyreumatic 

oils. 


Charcoal : 


• — conducts  elec- 
tricity : 


■ — refills  heat, 
and  abforbs  elaf- 
tic  fluids : 


. — exceedingly 
combuftiblc. 


fmall  portion  of  alkali,  and  a very  minute  quantity  of 
earth. 

The  empyreumatic  oils  which  come  over  in  thefe 
diftillations  may  all  be  rendered  colourlefs,  and  folu- 
ble  in  ardent  fpirit  by  redlification.  In  this  manner 
it  appears  therefore  that  the  fixed  oils  of  vegetables 
are  converted  into  volatile  or  eflential  oils ; from 
which,  as  well  as  from  other  circumflances,  it  is  ren- 
dered probable  that  thefe  oils  difter  from  each  other 
only  in  the  proportion  of  their  component  parts. 

The  black,  fonorous,  brittle,  light  fubftance,  called 
charcoal,  ufually  retains  the  .figure  of  the  vegetable 
from  which  it  was  produced,  unlefs  the  greater  part 
of  the  vegetable  confifted  of  fluids,  which,  in  their 
diflipation,  deftroy  the  connexion  of  the  more  fixed 
parts.  In  the  latter  cafe  the  quantity  of  charcoal  is 
much  lefs  than  in  the  former.  It  is  a fingular  fadl, 
that  this  fubftance,  when  well  burned,  is  a perfedt 
condudtor  of  eledlricity  though  the  eledlric  matter 
is  not  conveyed  at  all  through  wood*  which  is  fimply 
baked  or  dried.  The  charcoal  of  oily  or  bituminous 
fubftances  is  of  a light  pulverulent  form,  and  rifes  in 
foot.  This  charcoal  of  oils  is  called  lamp-black. 

Charcoal  refills  the  moft  violent  heat  in  clofed 
vefiels.  If  it  be  ignited,  it  abforbs  elaftic  fluids  with 
great  avidity  as  it  cools  *,  and  it  retains  the  property 
if  cooled  by  immerfion  in  mercury,  the  abforption 
being  equally  confiderable  when  it  is  afterwards  ex- 
pofed  to  the  air. 

The  difpofition  to  be  burned,  which  in  the  an- 
cient theory  is  fuppofed  to  confift  in  the  giving  out 
of  phlogifton,  and  in  the  modern  theory  in  the  ab- 
, forption 
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lorption  of  vital  air,  is  fo  great  in  charcoal,  that  it  vegetable 
performs  the  reverfe  of  combuftion  with  a great  PR0DUCTS 

1 . _ ° BY  FIRE. 

variety  of  fubftances.  Thus  it  converts  the  vitriolic  v.  j 

acid  into  vitriolic  air,  by  augmenting  the  proportion  Charcoal. 

of  lulphur  ; and  it  is  llrongly  a£ted  on  by  the  nitrous 

acid,  much  nitrous  air  being  extricated  at  the  fame 

time.  The  rapidity  with  which  the  nitrous  acid 

acts  upon  perfectly  dry  charcoal,  has  been  already  Page  165. 

mentioned.  In  either  of  thefe  procefles,  the  acid 

either  combines  fuddenly  with  the  phlogifton  of  the 

charcoal,  or  the  vital  air  of  the  acid  combines  with 

the  charcoal  itfelf,  confidered  as  a fimple  fubftance. 

The  moll  violent  combuftion  of  nitre  with  charcoal, 
in  which  the  acid  is  entirely  decompofed,  and  gives 
out  phlogifticated  air,  may  be  explained  in  the  fame 
way  by  each  theory. 

Alkalis  diflolve  charcoal  in  the  dry  way  ; and  liver  Solubility  of 
of  fulphur  combines  very  readily  with  it,  either  in  the  charcoaL 
dry  or  humid  way.  All  the  metallic  fubftances  hi- 
therto known  are  lefs  combuftible  than  charcoal,  and 
confequently  are  revived,  or  reduced  to  the  metallic 
ftate,  by  being  heated  with  this  fubftance.  This,  in  Revivification, 
the  ancient  theory,  denotes  that  all  the  metals  attraCt 
phlogifton  more  ftrongly  than  charcoal  does ; but  in 
the  new  theory  the  effeCt  is  aferibed  to  the  ftronger 
attraction  of  charcoal,  which  deprives  all  metallic 
calces  of  the  vital  air  which  combined  with  them 
during  their  calcination. 

An  important  confequence  feems  to  follow  from  Obfcrvation. 
this  circumftance;  namely,  that  there  may  exift  many 
metallic  fubftances  whofe  combuftibility  may  be 
greater  than  that  of  charcoal ; and  which  conie- 
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vegetable  quently  are  unknown  to  us  as  fuch,  becaufe  we  pof- 

PROD  U 0 T S r r 

lefs  no  means  of  reducing  them.  Thus  the  alkalis 

BYFJRIi#  ° 

* v... ; and  earths  may  confift  of  peculiar  combuftible  or  me- 

tallic fubllances,  either  dephlogillicated,  or  combined 
with  vital  air,  by  an  union  which  the  art  of  chemiftry 
has  not  yet  found  means  to  break. 

Combuftion  of  When  charcoal  is  expofed  to  heat  in  open  veflels, 
charcoal.  _ r r ’ 

it  burns  with  a light  flame,  nearly  tranfparent,  emit- 
ting very  little  light,  and  no  fmoke.  The  refidue  con- 
fifts  of  a fmall  quantity  of  afhes,  which  contain  fixed 
alkaline  and  neutral  falts.  The  fixed  vegetable  alkali 
Rcfidual  falts.  is  obtained  from  the  allies  of  various  plants,  under  the 
name  of  pot-alh  or  pearl-afh,  and  is  not  eafily  purified 
from  the  neutral  falts  it  may  be  contaminated  with. 
Mineral  alkali  is  obtained  by  incineration  only  from 
marine  plants.  The  neutral  falts  found  in  the  allies 
of  vegetables  are  vitriolated  tartar,  Glauber’s  fait  and 
felenite,  common  fait,  and  fait  of  Sylvius.  Calces 
of  iron  and  of  manganefe,  with  an  earthy  fubftance, 
compofe  the  infoluble  refidue.  What  this  earthy  fub- 
ftance  is  has  not  been  determined ; but  it  moll  pro- 
bably confifts  of  fome  infoluble  earthy  fait,  fuch  as 
phofphorated  lime. 
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CHAP.  VII. 


CONCERNING  FERMENTATION  IN  GENERAL. 


* I 'HE  word  Fermentation,  in  an  enlarged  fenfe,  is  fermenta- 


1 


ufed  to  denote  that  change  of  the  principles  of 


T1  ON. 


— vincu? : 


organic  bodies,  which  begins  to  take  place  fpontane-  The  fpontaneous 
oufly  as  foon  as  their  Antal  fun&ions  have  ceafed,  and  vegetables^'0”  0* 
by  which  they  are  at  length  reduced  to  their  firll  prin- 
ciples. This  has  been  diftinguifhed  into  three  flages  ; Three  ftages  of 
. j-  • • . . fermentation  i 

tthe  vinous  or  lpirituous,  the  acid  or  acetous,  and 
tthe  putrid  fermentation  ; which  are  fo  called  from  the 
principal  produCls  obtained  during  their  a&ion.  All 
organized  bodies  are  not  fubjeCl  to  the  three  degrees 
of  fermentation.  It  is  afcertained  almoft  beyond  a 
doubt  that  the  vinous  fermentation  takes  place  only 
iin  fuch  bodies  as  contain  faccharine  juices.  In  this 
tthe  moll  remarkable  product  is  a volatile,  colourlefs, 
light,  inflammable  fluid,  which  mixes  with  water 
iin  all  proportions,  and  is  called  ardent  fpirit.  The 
.acetous  fermentation  is  diltinguilhed  by  the  product 
known  by  the  name  of  vinegar,  which  is  the  lealt  de^ 
ftructible  of  the  vegetable  acids.  It  does  not  appear, 

^however,  that  fermentation  is  abfolutely  neceflary  for 
tthe  production  of  this  acid,  as  there  are  other  chemical 
rmeans  by  which  it  may  be  obtained,  or  produced.  In 
f the  putrid  fermentation,  bodies  appear  to  be  reduced 
unto  their  moll  Ample  parts.  Volatile  alkali  is  the 

1 produCt  which  has  been  remarked  as  the  chief  in  this 

procefs, 


— acetous: 


Page  4; 9. 


eutrid : 
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SPONTANEOUS  DECOMPOSITION. 


Stages  of  fer- 
mentation. 


fermenta-  procefs,  and  is  no  doubt  produced  by  the  combina- 
tion of  inflammable  and  phlogifticated  air,  which  fly 
off  together.  The  acetous,  like  the  vinous  fermen- 
tation, is  confined  to  vegetable  fubltances  •,  but  the 
putrefactive  procefs  is  mod  eminently  perceived  in 
animal  bodies.  Thefe  either  putrefy  immediately ; 
or,  if  the  putrefaction  be  preceded  by  either  of  the 
other  ftages,  their  duration  is  too  ihort  to  be  perceived. 
It  is  confidered  as  an  eftablifhed  faCt,  that  the  three 
ftages  of  fermentation  always  follow  in  the  fame  or- 
der, in  fuch  bodies  as  are  fufceptible  of  them  all  *,  the 
vinous  coming  firft,  which  is  followed  by  the  acetous 
and  the  putrefactive  procefles. 

Conditions  or  The  fpontaneous  decompofition  of  bodies  is  greatly 
re quifite '* 't o^t h e retarded  by  extreme  cold,  by  fudden  drying  of  the 
I progrefs  of  fer-  parts  or  by  prefervation  in  clofed  veflels.  The  two 

firft  circumftances  neceffarily  retard  the  chemical  ef- 
feCts,  by  depriving  the  parts  of  that  fluidity  which 
is  almoft  indifpenfably  neceffary  in  chemical  procefles. 
It  will  eafily  be  underftood  that  the  third  circumftance 
will  retard  the  fpontaneous  decompofition  of  bodies, 
when  it  is  confidered  that  the  atmofphere  itfelf  is  the 
folvent  and  receptacle  of  many  of  the  component  parts 
of  bodies  with  which  it  is  difpofed  to  combine.  In 
well-clofed  veflels,  the  parts  of  organized  bodies  which 
are  difpofed  to  fly  off  in  the  elaftic  Hate,  are  pre- 
vented from  efcaping  •,  and  fuch  parts  as  might  form 
new  combinations,  by  abforbing  either  the  contents, 
or  component  parts  of  the  atmofphere,  are  prevented 
for  want  of  a free  communication.  The  three  con- 
ditions for  the  accomplifhment  of  fermentation  are, 
<5  there- 
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therefore,  fluidity  or  moifture,  moderate  heat  or  a fermenta- 
due  temperature,  and  the  accefs  of  air:  and  the  fer-  T10Nl 
mentation  will  likewife  be  modified  according  to  the 
various  component  parts  of  bodies. 

In  defcribing  the  vinous  decompofition  of  vegeta-  Vinous  fermen- 
bles,  it  will  be  of  advantage  to  attend  to  that  of  mere  ^ iTtakeTp^ace 
;fugar  and  water;  the  phenomena  in  thefe  being  ^^ur§ar  and 
more  diftindf,  becaufe  lefs  modified  by  foreign  ad- 
: mixture.  If  a confiderable  quantity  of  water,  holding 
in  folution  about  one  third  of  its  weight  of  fugar,  be 
expofed  to  the  air  at  the  temperature  of  about  70 
degrees,  after  the  addition  of  a fmall  quantity  of 
■yeaft,  it  foon  undergoes  a remarkable  change.  In  the 
■ courfe  of  a few  hours  the  fluid  becomes  turbid  and 
frothy  ; bubbles  of  fixed  air  are  difengaged,  which  rife 
and  break  at  the  furface.  The  difengagement  becomes 
more  and  more  abundant ; mucilage  is  feparated,  part 
of  which  fubfides  to  the  bottom  ; and  part,  expanded 
into  froth  by  the  eiaftic  fluid,  forms  yeaft.  During  Yeaft, 
the  courfe  of  feveral  days,  thefe  effedts  gradually 
come  to  their  height,  and  diminifh  again ; after 
which  they  proceed  very  flowly,  but  are  long  before 
they  entirely  ceafe.  The  fermented  liquor  has  no 
longer  the  fvveet  tafte  it  had  before,  but  becomes 
brilk  and  lively,  with  a pungent  fpirituous  flavour. 

Its  fpecific  gravity  likewife  is  confiderably  lefs  than 
before ; and,  when  expofed  to  diftillation,  it  affords  a 
light  inflammable  fpirit.  The  quantity  of  ardent  Inflammable 
fpirit  which  any  fermented  liquor  will  produce,  is  fl>int’ 
thought  to  follow  fome  proportion  of  the  change  its 
fpecific  gravity  undergoes  in  fermentation  j but  the 

truth 
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Acetous  fermen- 
tation. 


fermewta-  truth  of  this  has  not  been  clearly  afcertained  *. 

Wine,  cyder,  and  beer,  are  well-known  liquors  of 
this  kind. 

It  is  ufual  to  put  fermented  liquors  into  calks  before 
. the  vinous  fermentation  is  completely  ended ; and  in 
thefe  clofed  veflels  it  goes  on  for  many  months. 
But  if  the  fermentative  procefs  be  fuffered  to  proceed 
in  open  veflels,  more  efpecially  if  the  temperature  be 
raifed  to  90  degrees,  the  acetous  fermentation  comes 
on.  In  this  the  vital  part  of  the  air  is  gradually 
abforbed ; and  the  more  fpeedily,.  in  proportion  as 
the  furfaces  of  the  liquor  are  oftener  changed  by 
lading  it  from  one  veflel  to  another.  The  ufual  me- 
thod confifts  in  expoling  the  fermented  liquor  to  the 
air  in  calks,  placed  fo  that  the  fun  may  fhine  on 
them ; which  feems  to  be  of  advantage,  by  raifing 
the  temperature  of  the  liquor.  By  this  abforption 
of  vital  air,  the  inflammable  fubftance  becomes  con- 
verted into  an  acid.  If  the  liquid  be  then  expofed 
to  diftillation,  pure  vinegar  comes  over,  inllead  of 
ardent  fpirit. 

When  the  fpontaneous  decompofition  is  fuffered 
to  proceed  beyond  the  acetous  procefs,  the  vine- 
gar gradually  becomes  vifcid  and  foul ; air  is  emitted, 
with  an  offenfive  fmell ; volatile  alkali  flies  off;  an 
earthy  fediment  is  depofited  j and  the  remaining  li- 
quid, if  any,  is  mere  water.  This  is  the  putrefadlive 
procefs. 

Though  fermentation  is  much  better  underftood  at 
prefent,  in  confequence  of  modern  refearches  into  the 


Putrefaction. 
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nature  of  elaftic  fluids,  than  it  formerly  was,  it  (till  fermenta- 
.‘einains  an  interefting  object  of  refearch.  It  is  not  v TTON*  ^ 
dearly  afcertained  what  the  yealt  or  fermented  matter  The  effeft  of 


yeaft  ia  fermrn- 


tation. 


performs  in  this  operation.  It  feems  probable  that  the 
fermentative  procefs,  in  confiderable  mafles,  would  be 
rarried  on  in  fucceflion,  from  the  furface  downwards  ; 
and  would  perhaps  be  completed  in  one  part  of  the 
' fluid  before  it  was  perfectly  begun  in  another  part,  if 
::he  yeaft,  which  is  already  in  a ftate  of  fermentation, 
cdid  not  occafion  the  procefs  to  begin  in  every  part  of 
‘die  fluid  at  once.  Much  remains  to  be  done  towards  Component 

r . . , . . r . parts  of  ardent; 

ucertaming  the  arrangement  and  quantity  or  the  com- fpint,  &c. 
"ponent  parts  of  ardent  fpirit : and  the  theory  of  fixed 
;air,  with  the  identity  of  inflammable  airs,  mult  be 
rafcertained,  before  any  decided  reafoning  can  be 
^adopted  on  this  head.  It  feems  however  that  inflam- 
imable  air,  in  combination  with  fixed  air  in  certain 
[proportions,  forms  ardent  fpirit ; that  a greater  pro- 
portion of  vital  air  converts  it  into  vinegar;  and  that, 
i in  the  putrefactive  procefs,  the  inflammable  air,  the 
! fixed  air,  and  the  vital  air,  are  feparated  from  each 
(Other,  and  fly  oft"  in  the  elaftic  ftate. 

In  the  fermentation  of  wine,  the  tartar,  which  pro-  Tartar, 
bably  exifted  for  the  molt  part  ready  formed  in  the 
juice  of  the  grape,  is  feparated,  and  exhibits  the  pro- 
perties which  have  been  already  dcfcribed  in  treating 
■.of  that  fubftance. 

The  fermentation  of  bread  by  leaven  is  thought  to  Brca«l 
-be  of  a different  nature  from  the  vinous  fermentation. 

In  this  the  mucilage  of  the  corn  is  not  previoufly 
brought  into  the  faqcharine  ftate.  It  quickly  becomes 

four. 
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four,  if  the  procefs  be  not  flopped  by  baking  ; irf 
which  particular,  the  fermentation  feems  to  be  of 
the  acetous  kind.  The  development  of  fixed  air 
divides  the  dough  into  thin  parts,  which  are  more 
effe&ually  and  better  baked  than  they  could  have 
been  in  the  folid  confident  mafs.  When  bread  is 
fermented  by  means  of  yeaft,  the  procefs  appears  to 
be  of  a faccharine  or  vinous  nature. 


' 
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CHAP.  VIII. 


CONCERNING  VINOUS  FLUIDS  AND  ARDENT  SPIRIT. 


IPROM  the  habits  of  fociety,  the  making  of  wine,  vinous 
beer,  and  ardent  fpirits,  is  become  an  objeCt  of  fluids.  ^ 
confiderable  importance.  Wine  is  the  expreffed  juice  The  making  cf 
of  the  grape  which  has  undergone  the  fir  ft  ftage  of  g^ape/™™ 
fermentation.  In  this,  which  in  general  appears  to 
be  the  beft  kind  of  fermented  liquor,  there  are  great 
differences,  which  depend  no  lefs  on  the  kind  and 
quality  of  the  fruit  than  on  the  procefs  of  manu- 
facturing. If  the  fruit  be  gathered  unripe,  the  juice 
will  abound  with  acid,  and  the  wine  will  be  thin  and 
(harp  ; but,  if  the  fruit  be  ripe,  it  will  contain  much 
faccharine  juice,  and  the  wine  will  be  fweeter.  If 
the  wine  be  calked  in  an  early  ftage  of  the  fermenta- 
tion, much  of  the  fugar  will  remain  undecompofed, 
and  the  wine  will  be  fweeter  on  that  account,  efpe- 
cially  if  the  fermentation  be  checked  by  a confiderable 
degree  of  cold  j but,  on  the  contrary,  when  the  pro- 
grefs  of  the  fermentation  is  only  impeded  by  the  coer- 
cion of  the  veffel,  which  prevents  the  efcape  of  the 
fixed  air,  a flight  increafe  of  temperature,  fuch  as 
that  of  a room  in  a dwelllng-houfe  compared  with 
the  temperature  of  a cellar,  will  caufe  it  to  proceed 
with  great  rapidity  as  foon  as  the  veffel  is  opened. 

Wines  in  this  ftate  are  very  brilk  and  lively,  from 
the  predominating  acidity  of  the  fixed  air,  which  is 
kaftily  difengaged. 


Beer 
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vinous  Beer  is  the  wine  of  grain.  Malt  is  ufually  made  of 
fluids,  barley.  This  grain  is  fteeped  for  two  or  three  days 


The  malting  of  in  water  till  it  fwells,  becomes  fomewhat  tender,  and 
tinges  the  water  of  a bright  reddifh  brown  colour. 
The  water  being  then  drained  away,  the  barley  is 
fpread  about  two  feet  thick  upon  a floor,  where  it 
heats  fpontaneoufly,  and  begins  to  grow,  by  Aril 
(hooting  out  the  radicle.  In  this  ftate  the  germination 
is  flopped,  by  fpreading  it  thinner,  and  frequently 
turning  it  over  for  two  days  ; after  which,  it  is  again 
made  into  an  heap,  and  fuffered  to  become  fenflbly 
hot,  which  ufually  happens  in  little  more  than  a day. 
Laflly,  it  is  conveyed  to  the  kiln,  where,  by  a gra- 
dual and  low  heat,  it  is  rendered  dry  and  crifp.  This 
is  malt ; and  its  qualities  differ  according  as  it  is 
more  or  lefs  foaked,  drained,  germinated,  dried,  and 
baked.  In  this,  as  in  other  manufactories,  the  intel- 
ligent operators  often  make  a myftery  of  their  pro- 
cefles,  from  views  of  profit ; and  others  pretend  to 
peculiar  fecrets,  who  really  poflefs  none. 

Indian  corn,  and  probably  all  large  grain,  require 
to  be  fuffered  to  grow  into  the  blade,  as  well  as  root, 
before  it  is  fit  to  be  made  into  malt.  For  this  pur- 
pofe,  it  is  buried  about  two  or  three  inches  deep  in 
the  ground,  and  covered  with  loofe  earth ; and  in  ten 
or  twelve  days  it  fprings  up.  In  this  ftate  it  is  taken 
lip  and  wafhed,  or  fanned,  to  clear  it  from  its  dirt, 
and  then  dried  in  the  kiln  for  ufe. 

Brewing  of  beer.  Beer  is  made  from  malt  previoufly  ground,  or  cut  in 
pieces  by  a mill.  This  is  placed  in  a tun,  or  tub,  with 
a falfe  bottom  ; hot  water  is  poured  upon  it,  and  the 
whole  ftirred  about  with  a proper  inftrument.  The 
, tempe- 


— of  Indian 
corn. 
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temperature  of  the  water  in  this  operation,  called  vinous 

maihing,  muft  not  be  equal  to  boiling;  for  in  that  v FLU1DS’ t 

cafe  the  malt  would  be  converted  into  a pafte,  from  Brewing  of  beer, 
which  the  impregnated  water  could  not  be  feparated; 

After  the  Infufion  has  remained  for  fome  time  upon 
the  lrialf,  it  is  drawn  off,  and  is  then  diftinguifhed  by 
the  name  of  fweet  wort.  By  one  or  more  fubfeqlient 
infufions  of  water,  a quantity  of  weaker  wort  is  ob- 
tained, which  is  either  added  to  the  foregoing,  or 
kept  apart,  according  to  the  intention  of  the  ope- 
rator. The  wort  is  then  boiled  with  hops,  which 
give  it  an  aromatic  bitter  tafte,  and  are  fuppofed  to 
render  it  lefs  liable  to  be  fpoiled  in  keeping ; after 
which,  it  is  cooled  in  {hallow  veffels,  and  ftlffered  to 
ferment,  with  the  addition  of  a proper  quantity  of 
yeaft.  The  fermented  liquor  is  beer ; and  differs 
greatly  in  its  quality,  according  to  the  nature  of  the 
grain,  the  malting,  the  mafhirtg,  the  quantity  and  kind 
of  the  hops  and  the  yeaft,  the  purity  or  admixtures  of 
the  water  made  ufe  of,  the  temperature  and  vicifti- 
tudes  of  the  weather,  &c. 

Befides  wine  and  beer,  which  are  made  immedi-  Metheglin  and 
ately  from  vegetables ; other  fermented  liquors,  con-  kounnfs‘ 

i 

Gaining  ardent  fpirit,  are  made  from  honey  and  from 
mare's  milk.  The  former  is  called  metheglin ; and 
the  latter,  which  is  made  by  the  Tartars,  koumifs  *. 

This  laft  is  made  by  agitating  the  milk,  at  the  time 
when  its  parts  begin  to  feparate,  by  a fermentation 
. productive  of  a peculiar  acid,  called  the  acid  of  milk, 

■ hereafter  to  be  deferibed. 

. Grieve,  in  the  Edinburgh  Tranfactions,  vol,  i.  p.  iSt. 

H h In 


I 


466 


DISTILLATION  0 1 ARDENT  SHRlT, 


ARDENT 

SPIRIT. 


Product  of  vi- 
nous liquors  by 
diftillation. 


Refid  ue.. 


Strength  of  ar- 
dent i'pirit  deter- 
mined by  M. 
Bories. 


In  order  to  obtain  ardent  fpirit,  nothing  more  is 
neceflary  than  to  expofe  wine,  beer,  or  any  other  fer- 
mented vinous  liquid,  to  diftillation  5 and  the  product 
which  comes  over  is  the  ardent  fpirit  itfelf,  contami- 
nated with  efiential  oil.  If  this  be  rectified  by  a fe- 
cond  diftillation,  it  becomes  much  purer.  The  molt 
volatile  part  rifes  ftrft,  and  is  of  a lefs  fpecific  gravity 
than  that  which  comes  over  afterwards. 

The  refidue,  after  the  diftillation  of  ardent  fpirit 
from  wine,  is  of  a deep  colour,  a rough  acid  tafte, 
and  depoftts  cryftals  of  tartar.  The  colouring  matter 
is  foluble  in  ardent  fpirit.  So  that  it  appears,  from 
this  imperfedl  analyfis,  that  wine  confifts  of  water, 
ardent  fpirit,  colouring  matter  of  a refmous  nature, 
fugai-,  tartar,  and  tartareous  acid,  and  an  aromatic 
principle. 

The  ftrength  or  purity  of  ardent  fpirit  is  afcer- 
tained  from  its  fpecific  gravity ; for  the  addition  of 
water  renders  it  heavier.  According  to  M.  Bories, 
whofe  Memoir,  publifhed  at  Montpellier  in  the  year 
1774,  obtained  the  prize  propofed  by  the  ftates  of 
Languedoc  in  1772,  the  fpecific  gravity  of  redlified 
ardent  fpirit  repeatedly  poured  on  dry  fait  of  tartar 
till  it  would  no  longer  diflolve  or  liquefy  it,  was  found 
by  many  experiments  to  be  as  follows  : 


Reaumur’s  Therm.  + io°  = 820  |||-f 


1 5° 
20° 


50  s s 

^r7  yl?i 


813 
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ToTT 


The  fpecific  gravities  of  mixtures,  by  meafure,  of 
the  foregoing  fpirit  with  diftilled  water,  were  as 
follows : 
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Temperature  -f  150  Reaumur. 

Spirit  10  Water  o Specific  gravity  817 
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Upon  the  above  experiments,  which  are  among  the  Obfervations, 
■mod  accurate  we  poflefs  *,  it  may  be  obferved,  that 
;the  firft  term,  or  pure  fpirit,  ought  to  be  obtained 
with  an  alkali  perfedtly  mild,  or  faturated  with  fixed 
becaufe,  otherwife,  folution  and  combination  of 


air 


the  alkali  with  the  fpirit  might  take  place.  By  didil- 
.lation  of  twenty  meafures  of  the  bed  ardent  fpirit  of 
the  diops,  whofe  fpecific  gravity  was  0.836  over  a 
lamp  in  glafs  vedels,  I found  the  fird  meafure  which 
came  over  had  a fpecific  gravity  of  820,  at  the  tem-  strongeft  ardent 
perature  of  710  Fahrenheit;  which  anfwers  to  17^  of 
Reaumur.  This  is  the  dronged  fpirit  mere  didilla- 
tion  can  afford.  When  drong  ardent  fpirit  is  added 
to  water,  a confiderable  heat  is  produced,  a few  bub- 
bles of  air  are  emitted,  the  mixture  contracts  in 
its  dimenfions,  and  acquires  a greater  fpecific  gravity 
than  would  have  been  deduced  by  computation. 

See  a very  valuable  fet  of  experiments  on  this  fubjeft  by  Mr. 

Gilpin;  of  which  Dr.  Blagden  has  made  a report  in  the  Phil. 

Tranf.  lxxx.  321.  / .m. 
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ardent  It  is  by  no  means  an  eafy  undertaking  to  determine 
t y’P1^11-  ^ the  ftrength  or  relative  value  of  ardent  fpirit,  even 
Rccjuifites  ordc-  with  fufficient  accuracy  for  commercial  purpofes. 
tain  the  ^iren^A  The  following  requifites  mull  be  obtained  before  this 
lPiritl  can  be  well  done  : The  fpecific  gravity  of  a certain 
mlmber  of  mixtures  of  ardent  fpirit  and  water  mult 
be  taken  fo  near  each  other,  as  that  the  intermediate 
fpecific  gravities  may  not  perceptibly  differ  from  thofe 
deduced  from  the  fuppofition  of  a mere  mixture  of 
the  fluids ; the  expanfions,  or  variations  of  fpecific 
gravity,  in  thefe  mixtures,  muft  be  determined  at 
different  temperatures : fome  eafy  method  muft  be 
contrived  of  determining  the  prefence  and  quantity 
of  faccharine  or  oleaginous  matter  which  the  fpirit 
may  hold  in  folution,  and  the  effedl  of  fuch  folution 
on  the  fpecific  gravity  : and,  laftly,  the  fpecific  gra- 
vity of  the  fluid  muft  be  afeertained  by  a proper 
floating  inftrument  with  a graduated  ftem,  or  fet  of 
weights  $ or,  which  may  be  more  convenient,  with 
both. 

The  ftrength  of  brandies  in  commerce  is  judged  by 
the  phial,  or  by  burning.  The  phial  proof  confifts  in 
agitating  the  fpirit  in  a bottle,  and  obferving  the  form 
and  magnitude  of  the  bubbles,  which  are  larger  the 
ftrenger  the  fpirit.  Thefe  probably  depend  on  the 
folution  of  refinous  matter  from  the  calk,  which  is 
taken  up  in  greater  quantities,  the  ftronger  the  fpirit. 
It  is  not  difficult  however  to  produce  this  appearance. 
Proof  by  burn-  by  various  Ample  additions  to  weak  fpirit. — The  proof 
by  burning  is  alfo  fallacious  ; becaufe  the  magnitude 
of  the  flame,  and  quantity  of  refidue,  in  the  fame 
fpirit,  vary  greatly  with  the  form  of  the  vefl'el  it  is 

burned 
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i burned  in.  If  the  veflel  be  kept  cool,  or  fuffered  tq  ardent 
1 become  hot,  if  it  be  deeper  or  fhallower,  the  refultg  ^ spirit,  ^ 
will  not  be  the  fame  in  each  cafe.  It  does  not  follow, 
however,  but  that  manufacturers  and  others  may  in 
I many  inftances  receive  confiderable  information  from 
thefe  figns,  in  circumftances  exaCtly  alike,  and  in  the 
.courfe  of  operations  wherein  it  would  be  inconve- 
nient to  recur  continually  to  experiments  of  fpecific 
| j gravity. 

Tire  pioft  remarkable  ehara&eriflic  property  of  Chara&ers  and 
ardent  Ipint,  is  its  iolubility  or  combination  in  all  0f  4rdent  fpirit-. 
i proportions  with  water ; a property  poflefled  by  no 
other  comhuftible  fubftance.  When  it  is  burned  in  a 
f phimney  which  communicates  with  the  worm-pipe  of  a 
diflilling  apparatus^  the  produdt  which  is  condeiifed 
is  found  tq  cpnfift  of  water,  which  exceeds  the  fpirit 
In  weight  about  one  eighth  part.  If  ardent  fpirit  be 
I burned  in  clofed  veflels  with  vital  air,  the  produdf  is 
| found  to  be  WRter  an4  fixed  aip.  Whence  it  is  in<- 
! ferred,  that  ardent  fpirit  confiflg  of  inflammable  air, 
pnited  either  to  fixed  air,  or  its  acidifiable  bafe  j and 
that  the  vital  air,  uniting  qn  the  one  part  with  in- 
flammable air,  forms  wafer  ; and,  on  the  other,  with 
the  bafe  of  the  fixed  air,  and  forms  that  acid  *. 

A confiderable  number  of  the  ufes  of  this  fluid,  as  — its  ufrs  and 
a menftruum,  have  already  pafled  under  our  obferr  C0mbinatl0Ii'i' 
vation.  The  mutual  adliop  between  ardent  .fpirit  and 

■ For  an  account  of  rhefe  experiments,  and  the  precautions 
neceflary  to  be  attended  to  in  making  thepi,  confult  the  Memoirs 
of  M.  Lavoifler,  in  the  Memoirs  of  the  Royal  Academy  at  JParis 
I for  1781  and  1784. 
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ardent  acids,  produces  a light,  volatile  and  inflammable  oil, 
t.  S-PI*1T’  called  ether.  Pure  alkalis  unite  with  fpirit  of  wine, 
Mutual  aftion  of  and  form  alkaline  tinctures.  Few  of  the  neutral  falts 
MtsT  fplUt  Jnd  unite  with  this  fluid,  except  fuch  as  contain  the  vola- 
tile alkali.  The  mild  fixed  alkalis,  or  combinations 
of  alkali  and  fixed  air,  are  not  foluble  in  it.  From 
the  ftrong  attradbion  which  exifts  between  ardent 
fpirit  and  water,  it  unites  with  this  laft  in  faline  folu- 
tions,  and  in  molt  cafes  precipitates  the  fait.  This  is 
a pleafing  experiment,  which  never  fails  to  furprife 
thofe  who  are  unacquainted  with  chemical  effects. 
If,  for  example,  a faturated  folution  of  nitre  in  water 
be  taken,  and  an  equal  quantity  of  ftrong  fpirit  of 
wane  be  poured  upon  it,  the  mixture  will  conftitute  a 
weaker  fpirit,  which  is  incapable  of  holding  the  nitre 
in  folution ; it  therefore  falls  to  the  bottom  inftantly, 
in  the  form  of  minute  cryftals.  Among  the  neutral 
falts  which  are  foluble  in  fpirit  of  wine,  the  deliquef- 
cent  earthy  falts  ftand  firft.  Moft  ammoniacal  falts 
are  foluble  in  this  menftruum  ; and  in  general  it  com- 
bines more  readily  with  fuch  as  have  their  acid  lefs 
adherent  to  the  neutralizing  bafe. 

— and  fulphur : Sulphur  does  not  appear  to  be  added  on  more 

ftrongly  by  ardent  fpirit  than  by  water.  If  fulphur  in 
fublimation  meet  with  the  vapour  of  fpirit  of  wine,  a 
very  fmall  portion  combines  with  it,  which  communi- 
cates an  hepatic  odour  to  the  fluid.  The  increafed 
furface  of  the  two  fubftances  appears  to  favour  the 
combination. 

— and  phofpho-  Phofphorus  is  fparingly  foluble  in  ardent  fpirit, 

but  in  greater  quantity  by  heat  than  in  the  cold,  lhe 
addition  of  water  to  this  folution  affords  an  opake 
_ • milky 
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milky  fluid  which  gradually  becomes  clear  by  the  fub- 
fldence  of  the  phofphorus. 

Earths  feem  to  have  fcarce  any  adlion  upon  ardent  — and  earths, 
fpirit.  Quick-lime  however  produces  fome  alteration 
in  this  fluid,  by  changing  its  flavour,  and  rendering 
it  of  a yellow  Colour.  A l'mall  portion  is  probably 
taken  up. 

Soaps  are  diflolved  with  great  facility  in  ardent 
fpirit,  with  which  they  combine  more  readily  than 
with  water.  None  of  the  metals,  nor  their  calces, 
are  adted  upon  by  this  fluid.  Refins,  eflential  oils,  Spirituous  fqlu- 
camphor,  bitumen,  and  various  othej  fubflances,  are  tlons* 
diflolved  with  great  facility  in  ardent  fpirit,  from 
which  they  may  be  precipitated  by  the  addition  of 
water. 
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Vitriolic  ether. 


CHAP.  IX. 


CONCERNING  THOSE  INFLAMMABLE  FLUIDS  WHICir 
ARE  PRODUCED  BY  THE  ACTION  OF  ACIDS  UPON 
SPIRIT  OF  WINE,  AND  ARE  KNOWN  BY 
THE  NAME  OF  ETHER. 


ETHER. 


The  making  of 
vitriolic  ether. 


WHEN  ftrong  vitriolic  acid  is  poured  upon  an 
equal  meafure  of  re&ified  fpirit  of  wine,  the 
two  fluids  unite  together,  with  a hilling  noife  and  the 
production  of  heat,  at  the  fame  time  that  a fragrant 
vegetable  fmell  is  emitted,  refembling  that  of  apples : 
it  is  more  advantageous,  however,  to  add  the  acid  in 
fo  gradual  a manner  as  to  produce  little  or  no  heat. 
If  the  mixture  be  made  in  a retort,  and  then  expofed 
to  diftiilation  by  a well-regulated  heat  in  a fand-bath, 
vi  large  receiver  being  adapted,  and  kept  cool  by  im~ 
merfion  in  water,  or  by  the  frequent  application  of 
wet  cloths,  the  volatile  products  may  be  fafely  con- 
denfed.  Spirit  of  wine  of  a fragrant  fmell  comes 
over  firft,  and  is  followed  by  the  ether,  as  foon  as  the 
fluid  in  the  retort  begins  to  boil.  At  this  period  the 
upper  part  of  the  receiver  is  covered  with  large  diltin£l 
Itreams  of  the  fluid,  which  run  down  its  Tides,  After 
the  ether  has  palled  over,  volatile  fulphureous  acid 
arifes,  which  is  known  by  its  white  fumes  and  pecu- 
liar fmell.  The  receiver  mult  now  be  removed,  and 
another  fubflituted  in  its  place,  care  being  taken  to 
avoid  breathing  the  penetrating  fumes  of  the  acid. 

The 
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The  fire  mull  at  the  fame  time  be  moderated,  becaufe  ether. 
the  refidue  in  the  retort  is  difpofed  to  fwell.  A " v ? 
light  yellow  oil,  called  fweet  oil  of  wine,  comes  vitriolic  ether, 
over  after  the  ether,  and  this  is  fucceeded  by  black 
and  foul  vitriolic  acid.  The  refidue  varies  in  its  pro- 
perties according  to  the  management  of  the  heat.  If 
the  fire  be  much  increafed  towards  the  end  of  the 
procefs,  the  volatile  vitriolic  acid  which  comes  over 
will  be  mixed  with  vinegar.  If  the  remaining  fluid 
contained  in  the  retort,  after  the  ether  has  palled 
over,  be  not  urged  farther,  it  may  be  made  to  afford 
more  ether,  by  the  addition  of  one-third  of  very 
flrong  ardent  fpirit ; and  this  may  be  repeated  l'uccef- 
fively,  until  near  twice  the  quantity  of  the  fpirit  origi- 
nally made  ufe  of  has  been  added. 

Ether  of  the  firft  diftillation  is  not  pure,  but  con-  Re&ifkation. 
tains  fpirit  of  wine  and  fulphureous  acid,  which  may 
be  feparated  by  the  addition  of  a fixed  alkali,  and  rec- 
tifying with  a gentle  heat.  In  this  reaification,  as 
in  all  others,  the  firft  produdts  are  the  pureft. 

Vitriolic  ether  is  one  of  the  lighted:  and  moft  vo-  Characters, 
latile  of  all  fienfe  and  unelaftic  fluids.  Its  diffipation 
into  the  air  is  fo  fudden  as  to  produce  an  extreme 
degree  of  cold.  It  is  highly  inflammable,  and  burns 
with  a more  luminous  flame,  and  emits  more  fmoke 
than  ardent  fpirit. 

About  ten  times  its  weight  of  water  is  fufficient  Solubility  in 
to  difl'olve  it.  A fmall  proportion  of  water  renders  water* 
unrectified  ether  more  pure,  becaufe  it  combines  with 
the  ardent  fpirit  and  acid  it  may  contain  ; but  there 
is  reafon  to  think,  on  the  other  hand,  that  the  ether  , 
diffolves,  and  combines  with  part  of  the  water. 


Little 
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ether.  Little  is  known  of  the  action  of  this  fluid  upon 

Combination s"of  ^a^ne  fubftances.  Lime  and  fixed  alkalis  do  not  feem 
vitriolic  ether,  capable  of  uniting  with  it.  Caultic  volatile  alkali 
combines  with  it  in  all  proportions ; vitriolic  acid 
unites  with  it,  and  extricates  heat,  and  from  this 
combination  fweet  oil  of  wine  may  be  obtained  by 
cliltillation.  Nitrous  acid  effervefces  with  ether,  and 
renders  it  more  oily.  It  diflolves  camphor  very  plen- 
tifully. 

Method  of  pre-  The  nitrous  acid  acts  very  rapidly  and  powerfully 
cthcr7  nUr°US  upon  ardent  fpirit,  with  which  it  forms  a combina- 
tion, poflefiing  properties  fimilar  to  thofe  of  the  vitri- 
olic ether.  The  combination  takes  place  without  the 
afliftance  of  heat,  and  with  fuch  facility,  that  it  is 
even  neceflary  to  add  the  acid  by  degrees,  and  to  ufe 
management  for  the  purpofe  of  preventing  an  explo- 
fion,  which  might  arife  from  the  heat  generated  by 
the  mixture.  For  this  purpofe  fix  ounces  of  highly 
rectified  fpirit  of  wine  are  put  into  a bottle  capable  of 
containing  a pound  of  water,  and  immerfed  in  a tub 
of  very  cold  water,  in  which  it  will  be  advantageous 
to  put  three  or  four  pounds  of  ice  broken  fmall.  Up- 
on the  fpirit  in  this  fituation,  and  kept  continually 
agitated,  four  ounces  of  fpirit  of  nitre,  of  the  fpecific 
gravity  of  1.5,  are  to  be  poured,  in  four  or  five  fuccef- 
five  portions.  As  foon  as  the  mixture  is  completed, 
the  bottle  muft  be  clofed  with  a good  cork,  fecured 
with  leather  and  packthread,  or  wire ; and  the  whole 
mult  be  left  in  a place  where  it  may  remain  undil- 
turbed ; no  other  attention  being  neceflary  than  that 
of  renewing  the  water,  from  time  to  time,  as  it  may 

become  heated.  In  the  courfe  of  two  or  three  hours, 

the 
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the  tranfparency  of  the  fluid  becomes  troubled,  by  an  ether. 
infinity  of  drops  of  ether,,  which  are  difengaged  from  of  ^ 

every  part  of  its  volume.  This  ether  gradually  rifes  to  paring  nitrous 

ether* 

the  furface  ; and  at  the  end  of  twenty-four  hours  it 
may  be  feparated  from  the  reft  of  the  liquor  by  means 
of  a funnel.  In  opening  the  phial,  it  is  neceflary  firft 
to  pierce  the  cork  with  a pointed  inftrument,  in  order 
that  a quantity  of  elaftic  fluid  may  efcape,  which  might 
otherwife  fuddenly  follow  the  cork,  and  carry  part  of 
the  fluid  along  with  it.  The  quantity  of  ether  ob- 
tained in  this  manner  will  be  about  four  ounces. 

Nitrous  ether  in  this  ftate  refembles  vitriolic  ether  Characters, 
in  its  fmell,  but  it  is  ftronger  and  lefs  agreeable.  Its 
colour  is  a light  orange  ; and  a portion  of  the  fluid 
takes  the  elaftic  form,  and  efcapes  with  eftervefcence 
whenever  the  bottle,  which  contains  it,  is  opened. 

This  ether  appears  to  contain  a portion  of  uncombined 
acid,  upon  which  thefe  phenomena  probably  depend. 

It  muft  be  re£lified  with  a fmall  addition  of  alkali, 
during  which  operation  it  lofes  near  half  its  weight. 

The  re'ftified  nitrous  ether  burns  with  a flame  rather 
more  luminous  than  that  of  vitriolic  ether,  at  the 
fame  time  that  it  affords  a fomewhat  larger  portion 
of  fmoke,  and  leaves  a black  trace  behind  it.  In 
other  refpedfts  it  feems  nearly  to  refemble  the  vitriolic 
ether. 

Nitrous  ether  may  be  made  with  lefs  danger,  if 
the  acid  be  diluted,  and  the  quantity  of  fpirit  duly 
proportioned.  It  may  alfo  be  had  by  diftillation  of  a 
mixture  of  the  two  fluids,  in  the  fame  manner  as  the 
vitriolic  ether ; but  in  this  cafe  it  is  requifite  that  the 
receiving  veflels  fhould  be  uncommonly  large,  and 

that 
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ether.  that  every  precaution  fhould  be  taken  to  prevent  tbeir 

MethodT^f~ire-  %ing  in  Pieces  by  the  force  of  the  elaftic  produft 

paring  nitrous  which  efcapes ; and,  upon  the  whole,  it  does  not 

ether. 

feera  probable  that  any  ordinary  degree  of  precaution 
would  be  fufficient  to  infpre  the  operator  from  danger 
in  this  diftillatipn.  One  very  eflential  circumftance 
confifts  in  ufing  the  acid  in  a diluted  ftate.-r— Nitrous 
ether  has  alfo  been  made  by  lefs  dire&  procefles.  If 
a due  proportion  of  nitre  and  vitriolic  acid  be  fuc- 
ceffively  put  into  a tubulated  retort,  the  nitrous  acid 
begins  to  be  difengaged  * and,  if  fpirit  of  wine  be 
added  to  this  mixture,  nitrous  ether  comes  over.  Some 
degree  of  precaution  js  neceflary  in  this  procefs ; and 
it  might  be  doubted  whether  part  of  the  ether  which 
comes  over  might  not  haye  been  formed  by  the  vitri- 
olic acid,  if  mod  of  the  difficulties  were  riot  removed 
by  the  ufe  of  the  apparatus,  fig.  22.  If  the  tube  E 
be  immerfed  in  a bottle  cpntaining.  highly  rectified 
fpirit  of  wine,  and  the  nitrous  acid  be  diftilled  from  d, 
quantity  of  nitre  equal  in  weight  to  twic£  the  fpirit 
of  wine,  together  with  as  much  concentrated  vitriolic 
acid  as  is  equal  to  half  the  weight  of  the  nitre  •,  the 
firft  receiver  D will,  at  the  end  of  the  operation,  con- 
tain fuming  nitrous  acid-,  the  remote  bottle  E wifi 
contain  an  ethereal  liquor ; and  the  refidue  will  be 
vitriolated  tartar.  The  ethereal  fpirit  of  wine  may 
then  be  diftilled,  and  the  firft  two, -thirds  of  the  pro- 
du£t  referved.  This  referred  product  mull  be  diftilled 
with  one-fifth  of  its  weight  of  fmoking  nitrous  acid, 
added  by  degrees  to  the  liquor,  in  a tubulated  retort, 
by  means  of  a long-necked  funnel.  Two  thirds  of 
this  product  only  are  to  be  taken  •,  which,  being  re<fti-? 


MARINE  ETHER. 


477 


Tied  from  pot-afh,  afford  at  firft  a quantity  of  very  ether. 
pure  nitrous  ether,  equal  to  about  one  twelfth  of  the  Nitroys^ther  ’ 
fpirit  made  ufe  of ; and  tlrree  fourths  of  the  reft  being 
diftilled  over,  confift  of  a lefs  perfect  ether,  or  mine* 

Tal  anodyne  liquor.  The  refidues  of  the  diftillations 
confift  of  dulcified  fpirit  of  nitre  *. 

It  is  proper,  even  here,  to  take  notice  that  all  mix- 
tures of  the  nitrous  acid  and  ardent  fpirit  require  to 
be  made  very  gradually,  and  with  great  caution,  for 
fear  of  explofions. 

The  refidue,  after  diftillation  of  nitrous  ether,  is 
found,  in  fbme  proportions  of  the  materials  and  ma- 
nagement of  the  procefs,  to  contain  no  nitrous  acid, 
but  an  imperfect  vinegar,  and  the  acid  of  fugar  or 
forreh 

The  marine  acid  cannot  be  combined  with  fpirit  of  Method  of  pre- 
wine in  the  direct  way.  There  are  many  indirect  ^er!  murinc 
methods,  which  confift  in  applying  the  dephlogifticat- 
ed  or  aerated  marine  acid  to  ardent  fpirit.  If  to  four 
•ounces  of  common  fait,  and  two  ounces  of  pulverized 
manganefe,  there  be  added  two  ounces  of  concentrated 
vitriolic  acid,  and  fix  ounces  of  the  pureft  ardent  fpi- 
fit,  and  the  whole  be  expofed  to  diftillation  by  a gentle 
heat,  the  marine -acid  will  firft  rife,  fomewhat  changed; 
and,  after  a confiderable  portion  has  paffed  over,  -it  mull 
he  poured  back  upon  the  rcfiduum,  and  diftilled  afrefli. 

In  this  diftillation,  nearly  the  half  which  firft  comes 
over  will  be  dulcified  fpirit  of  lalt ; and  the  greateft 
•part  of  the  other  half,  marine  ether,  which  may  be 
Separated  from  the  reft  by  the  addition  of  water. 

Dc  la  Planchc,  quoted  by  Fourcroy,  iv.  25:. 
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ETHER. 


Methods  of  pre- 
paring acetous 
ether. 


Marine  ether  is  very  tranfparent  and  volatile,  and 
has  nearly  the  fame  fmell  as  the  vitriolic  ether.  It 
burns  like  that  fluid,  and  affords. a fmoke,  with  a fuffo- 
cati'ng  fmell. 

It  is  doubted  whether  any  ethereal  fluid  can  be  ob- 
tained by  the  direct  union  of  acetous  acid  and  ardent 
fpirit.  If  equal  parts  of  the  ftrongeft  acetous  acid 
and  ardent  fpirit  be  mixed  together,  and  kept  for  fome 
days  in  a well-ftopped  glafs,  and  the  mixture  be  then 
expofed  to  diftiliation  by  a gentle  heat,  the  firft  half 
which  comes  over  will,  it  is  faid,  confilt  of  an  ethereal 
fluid,  from  which  the  ether  may  be  feparated,  by  the 
addition  of  a fixteenth  part  of  vegetable  alkali,  dif- 
folved  in  four  times  its  quantity  of  water.  The  ether 
immediately  rifes  to  the  top,  and  commonly  amounts 
to  one  half  of  the  quantity  of  the  ardent  fpirit  made 
ufe  of.  To  the  vinegar  that  remains  in  the  retort 
half  the  quantity  of  ardent  fpirit  may  be  added,  by 
which  Hill  more  of  the  ether  may  be  obtained.  The 
mod;  certain  and  incontrovertible  method,  however, 
appears  to  confifc  in  forming  the  union  between  the 
fpirit  and  acid  by  indirect  means.  This  may  be  done 
by  decompoflng  fome  acetous  fait,  by  the  addition  of 
a mineral  acid,  while  ardent  fpirit  is  prefent.  Thus, 
if  an  ounce  of  alkali  faturated  with  vinegar  be  dif- 
folved  in  three -ounces  of  fpirit  of  wine,  and  a little 
more  of  any  mineral  acid  than  is  fuflicient  to  faturate 
the  alkali  be  added,  and  the  mafs  be  then  diftilled, 
acetous  ether  will  be  obtained.  Or  if  eight  ounces 
of  fugar  of  lead  be  gently  dried,  to  deprive  it  of  its 
water  of  cryftallization,  which  amounts  to  rather  more 
than  one  fourth  of  its  weight  if  in  this  ftate  it  be 

put 
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put  into  a glafs  retort,  nnd  a mixture  of  five  ounces  ether. 
of  vitriolic  acid,  and  eight  ounces  of  fpirit  of  wine,  ^cetous%ther^ 
be  poured  on  it,  and  the  whole  expofed  to  diftillation 
bp  a very  gentle  heat,  the  firft  ounce  that  paffes  over 
will  confift  of  dulcified  acetous  acid,  the  next  ounce 
will  be  almoft  all  ether,  and  the  whole  quantity  of  ether 
produced  will  be  near  four  ounces. 

Acetous  ether  is  not  nearly  fo  volatile  as  the  nitrous 
or  vitriolic  *,  it  burns  with  a blue  flame,  like  fpirit  of 
wine. 

The  empyreumatic  acid  of  wood  likewife  affords  Ligneous  ether, 
an  ether.  For  this  purpofe  it  may  be  diflilled  from 
beech,  reftified  a fecond  time,  and  then  faturated  with 
alkali.  Three  pounds  of  the  acid  require  about  five 
ounces  of  alkaline  fait.  By  evaporation  to  drynefs, 
with  fubfequent  folution,  filtration,  and  evaporation, 
three  ounces  and  a quarter  of  neutral  fait  are  ob- 
tained. The  concentrated  acid  of  wood  may  be 
difengaged  from  this  by  diftillation  with  two  ounces 
of  vitriolic  acid  ; and  the  quantity  of  acid  of  wood 
thus  obtained  weighs  an  ounce  and  three  quarters. 

By  mixing  this  with  an  equal  quantity  of  pure  ardent 
fpirit,  and  diftilling  it  in  a fmall  retort,  near  two 
ounces  and  a quarter  of  ether  are  obtained. 

Equal  parts  of  fait  of  forrel  and  ardent  fpirit  afford  Saccharine 

• ether* 

about  one  fifth  of  their  weight  of  ether.  The  acid 
of  fugar  likewife  affords  an  ether  with  fpirit  of  wine, 
which  can  hardly  be  fuppofed  to  differ  from  the  fore- 
going, as  the  two  falts  are  the  fame. 

The  acid  of  phofphorus  does  not  produce  an  ethe-  I'horphorie 
real  combination  by  direcl  diftillation  with  ardent ethcr’ 
fpirit : bjut  it  is  faid  that  the  combination  takes  place 

with 
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Ether  produced 
by  acid  of  ants  : 


~hy  acid  of 
benzoin. 


General  obfeN 
rations. 


tvith  a due  mixture  of  ardent  fpirit,  vitriolic  acid,  and 
microcofmic  fait ; the  phofphoric  acid  being  expelled 
from  its  bale,  probably  in  a more  dephlogifticated  {late 
than  when  obtained  by  fuffering  phsfphorus  to  deli  - 
quefee  in  the  air. 

The  acid  of  ants  produces  afi  ether,  with  fpirit  of 
wine,  by  fimilar  treatment. 

Acid  of  benzoin  does  not  produce  ether  by  fimple 
folution,  and  Handing  in  fpirit  of  wine;  but,  wheft 
one  part  of  the  acid  of  benzoin  is  difdlled  with  three 
parts  of  ardent  fpirit;  and  one  half  part  of  common 
marine  acid,  the  pure  fpirit  comes  firft  over,  and 
afterwards  an  ethereal  combination,  one  part  of  which 
floats  upoil  water,  and  the  odier  finks'  to  the  bottom. 
This  is  not  more  volatile  than  acetous  erhef,  and 
burns  with  a bright  flame  and  fmoke. 

The  converfion  of  ardent  fpirit  into  ether,  is  a 
procefs  concerning  which  rfiuc'h  remains  to  be  ex- 
plained. It  was  formerly  thought  that  the  acid  did 
nothing  more  than  deprive  the  fpirit  of  a quantity  of 
water,  which  was  before  combined  with  it,  and  pre- 
vented its  exhibiting  oleaginous  properties.  It  feems 
afeertained  however,  at  prefent,  that  all  the  ethers 
contain  a portion  of  that  peculiar  acid,  by  whofe 
action  the  fpirit  was  changed ; as  may  be  fliewn  by 
fuffering  them  to  evaporate,  or  burning  them  away 
upon  Water.  It  appears  therefore  that  the  acid,  or 
fome  of  its  component  parts,  combine  either  with 
the  whole  or  part  of  the  ardent  fpirit.  Some  chemifts 
have  with  confiderable  probability  aflerted,  that  the 
bafis,  or  acidifiable  principle,  of  the  acid,  combines 

with  the  fpirit  by  the  effe£l  of  a double  affinity ; fo 

that 
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that  the  vital  air  of  the  acid  combines  with  a portion 
of  acetous  balls  exifting  in  the  fpirit,  and  forms  vi- 
negar ; another  portion  combines  with  the  vegetable 
principles  exifting  in  fuch  a ftate  as  to  form  the  faccha- 
rine  acid  ; and,  laftly,  the  acidifiable  balls  itfelf,  which 
gave  out  this  vital  air,  is  fuppofed  to  combine  with 
the  undecompofed  fpirit,  or  vegetable  inflammable 
matter,  and  rife  in  the  form  of  ether.  In  this  view 
of  the  fubjedt,  the  nitrous  ether  is  more  particularly 
attended  to,  and  the  inferences  are  extended  to  other 
ethers  ; and  oils  are  fuppofed  to  conlift  of  vegetable 
inflammable  matter,  combined  with  the  bafis  of  an 
acid  *. 

* On  Ethers,  fee  Wiejgleb’s  Chemiftry,  by  Hopfon,  p.  510,  et 

feq. ; Scheelc’s  Elfays,  &c. 
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ACETOUS 

ACID. 


Crude  vinegar. 


Diftilled  vine- 
gar, or  acetous 
acid. 


CHAP.  X. 


■•CONCERNING  THE  ACETOUS  ACID. 


A S mod  of  the  compounded  vegetable  acids  are 
1 convertible,  by  nitrous  acid  and  by  other  means, 
into  acid  of  fugar,  and  this  lad  into  vinegar,  it  is 
evident  that  fermentation  is  only  one  of  the  precedes 
which  change  the  principles  of  plants  into  this  lead 
dedruciible  of  vegetable  acids.  All  the  vinegar  how- 
ever which  is  ufed  in  the  common  purpofes  of  life,  is 
obtained  by  fermentation.  Crude  vinegar  contains  not 
only  that  peculiar  acid  which  is  diflinguifhed  by  the 
name  of  acetous,  but  likewife  tartar,  oily  matter,  and 
frequently  fome  of  the  acids  of  the  fruits  from  which 
it  may  have  been  procured.  It  is  ufual  to  purify  it 
by  didillatioil.  The  fird  product  confids  of  a watery 
fluid,  of  a lively  and  agreeable  fmell,  though  fcarcely 
acid.  Next  follows  the  acetous  acid,  commonly  cal- 
led  diddled  vinegar,  which  has  a peculiar  fmell,  lef$ 
agreeable  than  that  of  the  crude  vinegar.  As  the 
didillation  proceeds,  the  volatile  product  becomes, 
more  and  more  acid,  fomewhat  darker  coloured,  and 
of  an  empyreumatic  fmell.  The  refidue,  after  the 
greated  part  of  the  fluid  has  been  volatilized,  has 
a deep  brownifh  red  colour,  is  confiderably  acid,  and 
depofits  a quantity  of  tartar.  By  didillation  to  dry- 
nefs,  it  affords  a reddifh  phlegm-,  more  acid  ; an  oil,  at 
fird  light,  and  afterwards  heavy  together  with  a 


fmall  quantity  of  volatile  alkali : the  refidual  coal  con- 
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tains  much  fixed  alkali.  The  quantity  of  acid  product  acetous 
referved  as  diftilled  vinegar,  is  commonly  about  two  v ACJD‘  j 
thirds  of  the  whole. 

Vinegar  may  be  concentrated  by  froft,  which  fepa-  Concentration  of 
rates  its  aqueous  part.  This  procefs  is  particularly  vinegar  b)  fro  ' 
applicable  to  crude  vinegar ; as,  by  this  means,  the 
grateful  flavour,  and  peculiar  properties,  are  preferved. 

An  ingenious  method  has  been  contrived  for  com- 
bining the  two  procefles  of  diftillation  and  congela- 
tion, in  concentrating  and  purifying  vinegar.  In  this  Themoftadvan- 

, . . . . i-n-iT  1 tageous  method 

way,  good  wine  vinegar  is  to  be  diftilled  on  a water  cf  concentrating 
bath.  It  is  eflential  to  referve  the  phlegm,  becaufe  vinegar* 
the  molt  fragrant  parts  come  over  firft,  and  are  re- 
tained in  this  fluid.  The  diftilled  vinegar  and  phlegm 
being  then  expofed  to  a freezing  cold,  and  the  ice 
taken  out,  a concentrated  acid  remains ; which  may 
be  completely  deprived  of  its  extraneous  and  oily 
parts,  by  repeated  rectifications  on  a water  bath. 

At  the  beginning  of  the  rectification,  a very  fpiri- 
tuous  fluid  pa'fles  over ; which  being  feparated,  and 
rectified  by  itfelf,  yields  a true  and  fine  ether,  of  a 
verypleafant  fmell,  and  immifcible  with  water;  which 
ether  is  to  be  added  to  the  ftrong  and  purified  vinegar 
obtained  by  the  repeated  rectifications.  The  author 
of  this  method  obferves,  that  the  peculiar  and  unplea- 
fant  fmell  of  diftilled  vinegar  proceeds  from  fome  oily 
parts  which  pafs  over  in  the  diftillation ; and  that, 
when  thefe  parts  have  been  feparated  by  rectifying 
the  acid  concentrated  by  froft,  it  again  recovers  the 
pleafant  fmell  of  undiftilled  vinegar  #. 

* Lowitz,  in  Crell’s  Annals,  quoted  by  Kcir  in  his  Chemical 
Di&ionary,  page  32. 
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— with  argilla- 
ceous earth : 


acetous  Pure  acetous  acid  enters  into  many  Combinations ; 
t ACJD‘  ^ and  is  recovered  again  by  decompofition,  though 
Combinations  of  feldom  perhaps  in  its  original  hate.  In  many  of  its 
usau  combinations  it  feems  neceffary  that  it  fhould  become 
more  ftrongly  acidified  by  attracting  vital  air  from 
the.atmofphere,  or  from  other  bodies.  This  circum- 
llance  has  not  been  fufficiently  attended  to,  to  admit 
of  a proper  diftin&ion  of  every  cafe  in  which  it  may, 
or  may  not,  happen.  We  {hall  not  therefore  attempt 
to  point  them  out,  except  incidentally,  and  where  the 
fa£ts  are  clear. 

The  acetous  acid  unites  with  earth  of  alum,  or 
■ argillaceous  earth,  in  confiderable  quantity,  and  forms 
a whitifh  faline  mafs,  which  is  not  cryftallizable. 
There  is  however*  a disagreement  among  practical 
chemifls  refpedling  this  combination.  Some  albert 
that  it  takes  place  very  fparingly,  and  forms  fmall 
needled  cryitals.  Thefe  differences  may  probably 
depend  on  certain  circumflances  relative  to  the  edul- 
coration  of  the  earth  of  alum,  after  it  has  been  pre- 
cipitated from  its  folution  by  an  alkali. 

Calcareous  earth  is  readily  difi'olved  in  the  acetous 
acid,  and  forms  a fait,  the  figure  of  whofe  cryftals 
varies  according  to  circumflances.  It  is  permanent 
in  the  air,  unlefs  the  acid  be  in  excefs ; in  which 
cafe  it  deliquefees.  Its  tafte  is  {harp  and  bitter. 
When  cfrftilled  without  addition,  the  acid  quits  the 
earth,  and  appears  in  the  form  of  an  inflamma- 
ble vapour,  which  condenfes  into  a reddifh  brown 
liquor  j and,  when  rectified,  is  very  volatile  and 
inflammable. 

The  acetous  acid  forms  a {aline  mafs  by  combina- 
tion 


— with  calca- 
reous earth : 
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tion  with  ponderous  earth,  which  does  not  cryftallize,  acetous 
but,  if  dried,  attracts  moifture  from  the  air.  1 ACJD~  J 

Magnefian  earth  unites  with  acetous  acid,  and  Combination  of,- 
affords  a very  foluble  fait  5 wliich,  when  perfectly  wTthmagncfia : 
faturated  and  evaporated,  affords  a vifcid  mafs,  refem- 
bling  gum  water.  Its  tafte  is  fweetilh  at  firft,  but 
afterwards  bitter ; and  it  is  foluble  in  fpirit  of  wine. 

Mere  heat  diffipates  its  acid,  which  may  be  obtained 
by  diltillation. 

1 he  combination  of  vegetable  alkali  with  the  ace-  — with  vegeta- 
tous  acid,  produces  the  fait  improperly  called  foliated  Foliated  earth  of 
earth  of  tartar.  In  the  preparation  of  this  fait,  it  is  tartar‘ 
beft  to  add  an  excels  of  acid.  The  evaporation  mull  ^ 

be  carried  to  drynefs  on  a water  bath,  in  a glafs  or' 
filver  veffel.  This  fait  cannot  eafily  be  cryftallized. 

Its  tafte  is  penetrating,  acrid,  and  urinous  j heat  de- 
compofes  it : by  diltillation,  it  affords  an  acid  phlegm, 
empyreumatic  oil,  volatile  alkali,  and  much  elaftic 
fluid,  confifting  of  fixed  and  inflammable  air.  The 
refidual  coal  contains  much  vegetable  alkali.  If  foli- 
ated tartar  be  decompofed  by  the  addition  of  vitriolic 
acid  in  diltillation,  the  quantities  being  one  part  of 
the  concentrated  acid  to  two  of  the  fait,  in  a tubu- 
lated retort,  With  a receiver,  or  apparatus  of  veffels 
adapted,  the  acetous  acid  immediately  rifes  in  the 
elaftic  form,  with  a ftrong  effervefcence,  and  is  con- 
denfed  in  the  receiver.  This  fluid  is  called  radical  Radical  vinegar, 
vinegar,  and  its  acid  properties  are  more  intenfe  than 
thofe  of  common  acetous  acid.  It  is  highly  probable 
that  this  augmentation  of  acidity  is  produced  by  the 
tranfition  of  vital  air  from  the  vitriolic  acid  to  the 
ficetous  *,  perhaps  -with  the  contrary  tranfition  of  phlo- 

I i 3 gifton. 
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- — with  mineral 
alkali : 


' — with  volatile 
alkali  : 


acetous  gidon.  So  that,  while  the  acetous  acid  becomes  more 

v ACJD‘  ^ acidified,  a portion  of  the  vitriolic  acid  has  its  aci- 

Combinaticns  of  dity  diminifhed,  and  is  converted  into  fulphureous 
acetous  acid , . . 

acid,  which  comes  over,  and  contaminates  the  pro- 

t dudt  in  the  receiver. 

The  acetous  acid  unites  perfectly  with  the  mineral 
alkali,  and  forms  a crydallizable  permanent  fait.  The 
properties  of  the  acetous  fait  of  mineral  alkali  do  not 
remarkably  differ  from  thofe  of  the  foliated  earth  of 
tartar.  By  diftillation  with  vitriolic  acid,  it  affords  a 
purer  acetous  acid  than  the  foliated  tartar  does. 

The  fait  formed  by  uniting  acetous  acid  with  vola- 
tile alkali,  has  been  called  fpirit  of  Mindererus,  or 
acetous  fal  ammoniac.  It  does  not  eafily  cryftallize  *, 
for  which  purpofe  it  requires  to  be  evaporated  to  the 
confidence  of  fyrup,  and  then  expofed  to  the  cold. 
It  foon  attradfs  the  moiffure  of  the  air,  and  has  a 
fharp  and  burning  tafle.  This  fait  is  decompofable 
by  heat  \ by  lime  and  alkalis,  which  feize  its  acid  j 
or  by  the  mineral  acids,  which  feize  its  bafe. 

The  acetous  acid  has  no  ededt  on  gold  in  the  me- 
tallic date.  When  added  to  a folution  of  gold,  it 
throws  it  down  in  the  metalline  form.  The  precipi- 
tate of  gold,  effected  by  a fixed  alkali,  becomes  of  a 
purple  colour  when  digeded  with  the  common  acetous 
acid.  Radical  vinegar  diffolves  it. 

Silver  is  not  adtech  on  by  acetous  acid  ; though  the 
calces  of  this  metal,  obtained  by  an  alkali  from  ni- 
trous acid,  are  foluble. 

Platina  is  likewife  infoluble  in  this  acid  •,  though 
its  precipitate  from  aqua  regia,  by  a fixed  alkali,  is 
foluble. 

Acetous 


with  gold : 


— with  filver. 
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Acetous  acid  does  not  appear  to  be  affedled  by  acetous 
mercury  ; but  it  diflolves  the  mercurial  calces.  The  t ACJP*  ^ 
cryftals  of  this  folution  have  a foliated  appearance,  Combination  of 
refembling  that  of  the  acid  of  borax.  mercury c;ld"Ith 

Lead  is  diflolved  with  the  greateft  facility  by  vine-  — with  lead  : 

gar.  The  manufacture  of  cerufe  and  fugar  of  lead  Page  270. 

/ 

has  before  engaged  our  attention. 

Copper  is  likewife  foluble  in  vinegar,  provided  at with  copper: 

mofpheric  air  be  prefent.  The  cryftals  of  acetous  acid 
and  copper  are  improperly  called  diftilled  verdigrife. 

It  is  from  this  fait  that  radical  vinegar  has  ufually  been 
diftilled  by  mere  heat,  without  addition.  It  is  at  fxrft 
coloured  by  a portion  of  copper,  which  comes  over ; 
for  which  reafon  it  muft  be  rectified  by  a gentle  heat. 

The  refidue,  after  diftilling  the  acetous  fait  of  copper, 
confifts  of  the  metal  in  its  reguline  ftate  j whence  it 
is  feen  that  the  vital  air  required  to  calcine  the  cop- 
per, comes  over  with  the  acid,  which  confequently  is 
in  a dephlogifticated  or  aerated  ftate.  The  laft  por- 
tion of  radical  acid  which  comes  over  is  inflammable, 
and  corigealable  by  cold. 

Iron  is  readily  diflolved  by  the  acetous  acid,  with  — with  iron, 
a flight  effervefcence,  and  the  difengagement  of  in.- 
fiammable  air..  This  folution  depofits  much  calx  of 
iron  by  evaporation  5 and  yields  a few  deliquefcent 
cryftals  when  cool.  Very  little  adtion  takes  place  Compare  pagt 
between  common  vinegar  and  iron  filings,  unlefs  3°9' 
by  (landing ; during  which  time,  it  is  probable  that 
the  adlion  of  the  air  may  contribute  in  fome  degree  to 
the  effedl. 

When  tin  is  digefted  with  the  acetous  acid,  a fmall  — with  tin,, 
portion  appears  to  be  taken  up.  The  acid  becomes 

I i 4 turbid, 
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ACETOUS 

ACID. 


Metallic  combi- 
nations. 


Zinc  an  impro- 
per material  to 
defend  copper 
velTels. 


turbid,  acquires  a metallic  tafte,  and  affords  a fmall 
quantity  of  precipitate  by  alkalis. 

Bifmuth  and  its  calx  are  foluble  in  this  acid, 
though  fparingly.  Nickel  is  diffolved,  and  the  folu- 
tion  affords  green  cryftals.  Regulus  of  arfenic  is 
infoluble,  but  its  calx  is  taken  up.  The  regulus  of 
cobalt  is  likewife  infoluble  •,  its  calx  affords  a pale 
rofe-coloured  folution,  which  is  a fympathetic  ink,  and 
receives  a green  colour  from  marine  acid.  Zinc  is 
foluble  not  only  in  its  metallic  and  calciform  dates, 
but  alfo,  as  it  is  faid,  when  mixed  with  other  metals : 
hence  it  fhould  feem  ill  calculated  to  defend  copper 
veffels  from  the  adtion  of  this  vegetable  acid.  The 
folution  of  zinc  in  common  acetous  acid  affords  plated 
cryftals.  Regulus  of  antimony  is  very  fparingly 
a£led  on  by  the  acetous  acid  ; infomuch  that  it  might 
be  judged  that  no  aftion  took  place,  if  it  did  not  im- 
part an  emetic  quality  to  the  fluid.  Manganefe  is  not 
a£ted  on  by  this  acid  but  with  great  difficulty,  though 
repeated  diftillations  at  length  combine  the  two  fub- 
ftances.  It  has  not  been  afcertained  whether  the 
acetous  acid  has  any  action  upon  wolfram  or  mo- 
lybdena. 
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SECTION  VI.  v 

CONCERNING  THE  PRODUCTS  OF  THE 
ANIMAL  KINGDOM. 


CHAP.  I. 

i 

A SHORT  ENUMERATION  OF  SUCH  ANIMAL  SUB- 
STANCES AS  HAVE  BEEN  EXAMINED  BY 
CHEMISTS. 

THE  general  flru&ure  and  methods  of  analyfmg  animal 

animal  fubftances  have  been  already  noticed,  substances. 
It  therefore  remains  only  to  enumerate  and  defcribe  Analyfis  and  ar- 
the  fever al  products  of  this  kingdom,  which  have  en-  Pag^^iT— 415 
gaged  the  attention  of  chemifts.  In  the  arrangement 
of  thefe,  as  in  the’  vegetable  kingdom,  we  cannot,  on 
account  of  the  imperfe£t  ftate  of  our  knowledge,  have 
recourfe  to  the  nature  of  their  component  parts*,  but 
4 fhall 
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animal  fhall  rather  attend  to  the  means  by  which  they  are 
substances.  refpe£tivejy  afforded  or  obtained.  In  this  way  we 

Enumeration,  may  confider  the  parts  of  animals  as  either, 

1.  Such  as  are  ufually  obtained  without  deftroying 
life.  Thefe  are  milk,  eggs,  urine,  excrement,  the 
matter  of  perfpiration,  ambergris,  See.  5 wax,  honey, 
gum  lac,  ftlk,  hair,  horn,  feathers,  See.  Qr, 

2.  Such  parts  of  animals  as  are  obtained  by  de- 
ftroying them,  or  depriving  them  of  life.  Thefe  are 
blood ; various  folids,  confounded  under  the  name  of 
flefh,  fat,  fpermaceti;  bile,  the  gaftric  juice,  and  feveral 
acids ; together  with  calcareous  earth,  and  other  fub- 
ftances,  common  to  the  mineral  and  vegetable  king- 
doms. 
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CHAP.  II. 


CONCERNING  MILK,  EGGS,  HONEY,  WAX,  LACCA, 
SILK,  HAIR,  HORN,  ETC. 


M 


ILK  is  a well-known  fluid,  fecreted  in  peculiar  milk. 
veffels  of  the  females  of  the  human  fpecies,  of 


quadrupeds,  and  of  cetaceous  animals,  and  deftined  for 

the  purpofe  of  nourishing  their  young.  Its  appearance  General  charac- 

and  component  parts  are  not  altogether  the  fame  in  tei!>  ot  milk' 

various  fpecies  of  animals ; but  the  differences  have 

not  yet  been  well  afcertained.  For  this  reafon,  in 

treating  of  milk,  our  attention  will  be  confined  to  that 

of  the  cow,  becaufe  the  moft  abundantly  met  with. 

This  fluid  is  of  a beautiful  opake  white  colour,  nearly 
as  limpid  as  water,  and  of  a pleafant  emulfive  tafte. 

Its  appearance  on  the  ftage  of  a microfcope  exhibits 
an  infinity  of  minute  opake  globules  floating  in  a 
tranfparent  fluid. 

Cows  milk,  diftilled  on  a water  bath,  affords  a Effefls  of  he*£ 
taftelefs  phlegm  of  a faint  fmell,  which  is  capable  on  cows  milk* 
of  putrefying.  A ftronger  heat  coagulates  it.  It  is 
fometimes  gradually  dried  into  a fubftance  which  is 
a kind  of  faccharine  extract,  and  may  again  be  dif- 
fufed  >n  water.  By  deftruflive  diftillation,  milk 

1 

affords  an  acid,  a fluid  oil,  a concrete  oil,  and  volatile 
alkali.  Its  refldual  coal  contains  a fmall  quantity  of 
vegetable  alkali,  fome  fait  of  Sylvius,  and  phofphoric 
calcareous  falf. 


When 
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milk.  When  milk  is  left  to  fpontaneous  decompofition,  at 
V v ’ a due  temperature,  it  is  found  to  be  capable  of  palling 
through  the  vinous,  acetous,  and  putrefactive  fermen- 
Fermentation  of  tations.  It  appears  however,  probably  on  account  of 
the  fmall  quantity  of  ardent  fpirit  it  contains,  that 
the  vinous  fermentation  lafts  a very  fhort  time,  and 
can  fcarcely  be  made  to  take  place  in  every  part  of  the 
fluid  at  once  by  the  addition  of  any  ferment.  This 
feems  to  be  the  reafon  why  the  Tartars,  who  make  a 


Page  465.  fermented  wine  from  mares  milk,  called  koumifs, 
fucceed  by  ufing  large  quantities  at  a time,  and  agi- 
tating it  very  frequently. 

When  milk  is  left  expofed  for  fome  hours  in  a Hate 
of  repofe,  a fmall  quantity  of  thick  fluid  rifes  to  the 
Cream.  top,  and  js  known  by  the  name  of  cream.  This  con- 
Butter.  tains  the  fat  fubftance  called  butter,  which  is  after-. 

wards  feparated  from  it  by  agitation  in  the  act  of 
churning.  The  remainder  after\\%rds  becomes  four, 
and  undergoes  a coagulation  which  feparates  it  into 
two  parts — a folid  curd  ; and  a fluid,  called  ferum  or 
whey.  This  four  whey  contains  a peculiar  acid,  cal- 
led the  acid  of  milk,  and  likewife  a portion  of  vinegar. 

Acid  of  milk.  The  peculiar  acid  does  not  rife  in  diftillation,  but 
may  be  feparated  by  evaporating  the  filtered  whey  to 
one  eighth  ; and  precipitating  the  phofphoric  fait  by 
the  addition  of  lime-water,  which  fully  faturates  its 
acid  : the  fluid  is  then  to  be  diluted  with  three  times 
its  weight  of  water ; and  the  redundant  lime  precipi- 
tated by  faccharine  acid,  in  which  operation  the  excels 
of  the  laft-mentioned  acid  may  be  guarded  againft 
by  the  teft  of  a fmall  portion  of  lime-water.  This 
purified  liquor  muft  then  be  evaporated  to  the  con- 
fidence 
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fiftence  of  honey  j and  the  other  foreign  fubftances  milk. 

it  may  contain  will  be  feparated  by  the  addition  v * 

of  pure  ardent  fpirit,  which  takes  up  the  acid  of  Acid  of  milk. 

milk  only.  The  decanted  folution  being  then  diluted 

with  water,  and  heated,  the  ardent  fpirit  flies  off, 

and  leaves  the  acid  of  milk  behind,  diflolved  in  the 

water. 

/ 

This  acid  does  not  afford  cryftals  ; and,  when  eva-  Combinations 

, , _ with  various  fub- 

porated  to  dryneis,  it  dehqueices  again  by  expoiure  ftanCes. 
to  air.  With  vegetable  alkali  it  affords  a deliquef- 
cent  fait,  foluble  in  ardent  fpirit.  With  mineral  al- 
kali it  affords  a fait  poffeffmg  the  fame  properties. 

With  volatile  alkali  it  produces  a deliquefcent  fait, 
which  yields  much  of  its  alkali  by  diftillation  before 
the  acid  is  deftroyed  by  heat.  With  lime,  clay,  and 
ponderous  earth,  it  forms  deliquefcent  falts ; but  with 
magnefia  it  affords  fmall  cryftals,  which  at  length  deli- 
quefce.  The  acid  of  milk  diffolves  iron  and  zinc,  and 
produces  inflammable  air.  Copper  affords  a dark  blue 
folution,  which  does  not  cryftallize.  Lead  is  diffolved 
after  fome  days  digeftion,  and  affords  veftiges  of  vitri- 
olic acid.  Bilmuth,  cobalt,  antimony,  tin,  mercury, 
fllver,  and  gold,  are  not  affedted  by  this  acid  in  a 
digeftive  or  boiling  heat.  Deftrudtive  diftillation  de- 
compofes  the  acid  of  milk : water  firft  comes  over  j 
then  a weak  acid,  refembling  the  empyreumatic  acid 
of  tartar ; afterwards  fome  empyreumatic  oil,  with 
more  of  the  fame  acid,  and  alfo  fixed  air,  and 
the  heavy  inflammable  air-  A coal  remains  in  the 
retort. 

If  any  vegetable  or  mineral  acid  be  added  to  milk,  Curj. 
the  curd  is  feparated,  and  coagulates  into  one  mafs,  if 

the 
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— properties. 


Sugar  of  milk. 


the  mixture  be  affifted  by  the  application  of  heat. 
The  curd  obtained  by  means  of  mineral  acid,  always 
manifelts  figns  of  acidity,  and  is  partially  foluble  in 
boiling  water.  If  any  neutral,  earthy,  or  metallic  fait 
be  added  to  faturation  in  milk,  it  likewife  feparates 
the  curd.  Sugar  and  gum-arabic  produce  a fimilar 
effect.  Cauflic  alkalis  diffolve  the  curd,  by  the  affift- 
ance  of  a boiling  heat ; and  it  may  again  be  coagu- 
lated by  the  addition  of  acids. 

The  coagulation  of  milk,  in  the  manufa£ture  of 
cheefe,  is  effected  by  the  addition  of  rennet,  which  is 
the  infufion  of  the  ftomach  of  a fucking  calf  in  water, 
prepared  in  various  ways,  according  to  the  fancy  of  the 
makers.  This  fluid  feems  to  owe  its  properties  to  the 
gaftric  juice  of  the  animal.  The  feparated  curd  is 
wrapped  in  a cloth  with  fait,  and  prefled,  to  deprive 
it  of  the  fuperfluous  whey  ; after  which,  it  is  preferved 
for  feveral  months  or  years  before  it  is  confidered  as 
lit  for  ufe. 

Cheefe,  when  decompofed  by  deftrudtive  diftillation, 
affords  an  alkaline  phlegm,  an  heavy  oil,  and  much 
volatile  alkali.  Its  refldual  coal  is  difficult  to  incine- 
rate, and  does  not  afford  fixed  alkali.  By  treating  it 
with  the  nitrous  acid,  it  is  found  to  contain  lime  and 
phofphoric  acid.  Cheefe  is  not  foluble  in  water.  Hot 
water  hardens  it. 

The  faccharine  fubftance,  upon  which  the  ferment- 
ing property  of  milk  depends,  is  held  in  folution  by 
the  whey  which  remains  after  the  feparation  of  the 
curd  in  making  cheefe.  This  is  feparated  by  evapora- 
tion in  the  large  way,  for  pharmaceutical  purpofes,  in 
various  parts  of  Switzerland.  When  the  whey  has 

been 
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been  evaporated  by  heat,  to  the  confiftence  of  honey,  milk. 
it  is  poured  into  proper  moulds,  and  expofed  to  dry  in  sugar" of  milk  • 
the  fun.  If  this  crude  fugar  of  milk  be  diflblved  in 
water,  clarified  with  -vvhites  of  eggs,  and  evaporated  to 
the  confidence  of  fyrup,  white  cryftals,  in  the  form  of 
rhomboidal  parallelopipedons,  are  obtained. 

Sugar  of  milk  has  a faint  faccharine  tafte,  and  is  — Decompofi. 

. - T-iii  tlon  by  beat : 

foluble  in  three  or  four  parts  of  water.  It  yields  by 
diftillation  the  very  fame  produ&s  that  other  fugars 
do.  It  is  remarkable,  however,  that  the  empvreumatic 
oil  has  a fmell  refembling  flowers  of  benzoin.  Twelve  — treatment 

- ...  , . • i i • i r with  nitrous 

ounces  of  diluted  nitrous  acid  being  poured  upon  four  acj<}. 
ounces  of  finely  powdered  fugar  of  milk,  in  a glafs 
retort,  on  a fand-bath,  with  a receiver  annexed,  the 
mixture  became  gradually  hot,  and  at  length  effer- 
vefced  violently,  and  continued  to  do  fo  for  a confi- 
derable  time  after  the  retort  was  taken  from  the  fire. 

It  is  neceflary  therefore,  in  making  the  experiment,  to 
ufe  a large  retort,  and  not  to  lute  the  receiver  too  tight  ' 
to  the  retort.  After  the  effervefcence  had  in  fome 
meafure  fubfided,  the  retort  was  again  placed  on  the 
fand-bath,  and  the  nitrous  acid  diftilled  off,  till  the 
mafs  acquired  a yellowifh  colour.  This  yellow  fluid 
exhibited  no  cryftals.  Eight  ounces  more  of  the  fame 
nitrous  acid  were  therefore  added,  and  the  diftillation 
again  repeated,  till  the  yellow  colour  of  the  fluid  dif- 
appeared.  The  fluid  became  infpiflated  by  cooling  ; it 
was  therefore  rediflolved  in  eight  ounces  of  water,  and 
filtered.  Seven  drams  and  a half  of  a white  powder 
remained  on  the  filter,  and  the  clear  folution  afforded 
cryftals  of  faccharine  add.  . The  mother  water  was 
again  treated  feveral  times  with  nitrous  acid,  by 

which 
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Combinations. 


which,  means  the  whole  was  at  length  changed  into 
faccharine  acid. 

The  white  powder  that  remained  on  the  filter  waa 
found  to  be  combuftible  like  oil  in  a red  hot  crucible, 
without  leaving  any  mark  of  afhes  behind.  It  was 
foluble  in  fixty  times  its  weight  of  boiling  water; 
and  one  fourth  part  feparated  by  cooling,  in  the  form 
of  very  fmall  cryftals.  The  remaining  mafs  being 
then  collected,  by  levaporating  the  greateft  part  of  the 
water,  left  behind  a fmall  portion  of  the  acid  of 
fugar,  of  which  it  had  not  been  fo  exactly  deprived 
by  edulcoration  on  the  filter.  From  thefe  circum- 
ftances  it  appeared  that  the  white  matter  was  a fait ; 
and,  upon  examination,  it  was  found  to  be  an  acid, 
pofieffing  the  following  properties  : 

With  all  the  foluble  earths  it  forms  falts  in  foluble 
in  water.  It  difengages  fixed  air  from  the  mild 
alkalis.  With  vegetable  alkali  it  forms  a cryftalliza- 
ble  fait,  foluble  in  eight  time9  its  quantity  of  boiling 
water,  and  feparable  for  the  mod  part  by  cooling. 
With  the  mineral  alkali  it  forms  a fait  which  requires 
only  five  parts  of  boiling  water  for  its  folution.  Both 
thefe  falts  are  perfectly  neutral.  When  faturated 
with  volatile  alkali,  it  forms  a fait  which,  after  being 
gently  dried,  has  a fourifli  tafte.  It  does  not  percep- 
tibly a£t  on  the  metals  ; but  forms  with  their  calces, 
in  folution,  falts  of  very  difficult  folubility,  which 
are  therefore  precipitated 

The  principles  of  milk  appear  to  be  united  toge- 
ther partly  in  a chemical,  and  partly  in  a mechanical 

* On  milk  and  its  acid,  and  on  the  acid  of  the  fugar  of  milk, 
confult  the  Chemical  Effays  of  Scheele. 
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manner;  and  the  butter  feems  to  rife  to  the  top  in  milk. 
confequence  of  the  greater  fpecific  gravity  of  the  v 
whey  through  which  it  is  difperfed.  Cream  confifts 
of  butter  mixed  with  much  whey  and  curd.  It  is  Separation  of 
generally  thought  that  the  feparation  of  the  butter  by  cream : 
churning  is  effe£led  limply  by  the  agitation,  which 
caufcs  the  fatty  particles  to  llrike  againft  each  other, 
and  coagulate  into  larger  malfes.  There  feems  how- 
ever fome  reafon  to  think  that  a chemical  efietl  takes 
place  in  this  operation ; in  which  the  intimate  mix- 
ture of  atmofpheric  air  with  the  fluid  may  perhaps 
have  fome  effeft. 

Butter  appears  to  be  of  the  nature  of  fat  oils  ; but  — its  properties, 
is  confidered  by  moft  nations  as  infinitely  preferable 
to  them,  as  an  article  of  food.  By  dillillation  on  a 
water-bath  it  gives  out  the  aqueous  fluid  which,  from 
the  manner  of  its  fabrication,  is  dillributed  through 
its  mafs.  Its  products,  by  deftruftive  dillillation, 
nearly  refemble  thofe  of  other  oils.  They  con  fill  of 
an  acid  of  a ftrong  and  penetrating  fmell,  a fluid  oil, 
and  a concrete  oil  of  the  fame  fmell  as  the  acid. 

Thefe  oils,  like  others  obtained  in  fimilar  circum- 
ftances,  may,  by  repeated  re£lifications,  be  converted 
into  volatile  oils,  of  the  nature  of  thofe  which  are 
called  effential.  In  other  refpecls,  butter  poflefles  the 
fame  properties,  and  may  be  applied  to  the  fame  ufes 
as  fat  oils.  It  becomes  rancid  by  fpontaneous  decom- 
pofition,  which  developer  its  acid  ; and  with  fixed 
.alkalis  it  forms  foap. 

The  eggs  of  birds  confiderably  refemble  milk  in  Eggs. 

' their  component  parts,  though  their  peculiar  ftru&ure 
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and  organization  conftitute  a great  and  effential  dif- 
ference, applicable  to  the  purpofes  of  generation, 
into  which  cur  prefent  views  do  not  require  us  to  pro- 
ceed. The  white  of  egg  does  not  greatly  differ  from 
the  curd  of  milk  or  cheefe.  When  it  is  mixed  with 
water,  it  forms  a coagulum  or  curd  by  the  addition 
of  acids.  Heat  coagulates  the  white  of  egg,  without 
depriving  it  of  weight ; which  is  a very  fingular  fatf, 
and  has  not  yet  been  well  explained.  The  white  of 
egg  however  appears  to  differ,  in  fome  refpeefs,  from 
curd.  It  is  faid  to  afford  a imall  portion  of  fulphur 
by  fublimation ; and  it  contains  the  mineral  alkali  in 
a difengaged  Hate. 

The  yolk  of  egg  appears  to  be  an  animal  emulfion, 
which  is  diffufible  in  water.  It  contains  an  oil,  which 
may  be  feparated  by  drying,  and  afterwards  fubjecting 
it  to  preffure. 


Honey  and  wax.  Honey  and  wax  may  be  confidered  as  animal  fub- 
ftances,  becaufe  afforded  by  the  bee ; though  it  is  not 
improbable  but  thefe  laborious  infedls  may  extract 
them  from  the  veffels  of  plants,  and  depofit  them  in 
their. hives  without  alteration. 

Purification  of  Honey  which  is  purified  by  folution  and  cryftal- 
lization,  perfedlly  refembles  the  faccharine  juices  of. 
vegetables  which  have  undergone,  the  like  treatment. 

It  affords  the  fame  procludl  as  fugar  by  dellrudtive  dis- 
tillation. Nitrous  acid  converts  it  into  the  faccharine 
acid,  and  its  aqueous  folution  is  fufceptible  of  all  the 
Vuge  465.  ftages  of  fermentation.  It  is  accordingly,  as  we  have  1 
before  obferved,  made 
vinous  liquor. 
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Wax 


WAX. 


499 


Wax  is  a concrete  fubftance,  which  greatly  refem-  wax. 
bles  the  more  folid  fixed  oils,  and  unites  with  oily  Cub-  Elation  J 
ftances  in  all  proportions.  Its  produ£ts,  by  deftrudtive  wax- 
diftillatioiij  are  the  fame  as  thofe  of  other  fat  fubftances. 

The  concrefcible  oil  obtained  by  diftillation  of  this 
fubftance,  is  called  butter  of  wax.  Bees-wax  is  of  a Butter  of  wax. 
yellow  colour,  but  becomes  white  by  expofure  to  air: 
this  effe£t  takes  place  only  at  or  near  the  furface  or 
place  of  contact  *,  for  which  reafon  the  bleachers  of 
Wax  find  it  neceffary  to  renew  the  furface  frequently. 

This  is  done  either  by  caufing  the  melted  wax  to  pafs  Bleaching, 
through  a number  of  holes  in  the  bottom  of  a veflel 
into  another  veflel  of  water,  by  which  means  it  under- 
goes that  kind  of  divifion  which,  in  metallic  bodies, 
is  called  granulation  •,  or  it  is  gently  poured  upon  a 
wooden  cylinder,  which  is  turned  round  in  a veflel 
filled  with  water  to  fuch  a height,  that  half  of  the  cy- 
linder is  immerfed.  In  this  way,  the  wax  forms  -a 
number  of  thin  flakes,  that  do  not  adhere  to  each 
other,  but  may  be  taken  off,  and  expofed  to  the  action 
of  die  air.  The  dephlogifticated  or  aerated  marine 
acid  bleaches  wax  very  fpeedily  ; from  which  fa£t  it 
appears  that  the  wax  owes  its  whitenefs,  and  the 
greater  confiftency  it  acquires,  to  an  ablorption  of  the 
vital  part  of  the  atmofphere.  Wax  feems  to  differ  Difference  be- 
from  tallow,  or  concrete  oil,  principally  in  this  cir-  uuow> 
cumftance  : and  this  laft  fubftance  becomes  likewife 
harder  and  whiter  by  long  expofure  to  the  air,  in  thin 
mafles  ; as,  for  example,  when  it  is  fpread  out  upon 
the  furface  of  water.  Wax  being  already  combined 
with  a portion  of  vital  air,  does  not  burn  with  fo  lu- 
minous a flame  as  tallow  or  oil.  But  it  poflefles  a very 
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great  advantage  in  the  fabrication  of  candles,  which 
arifes  from  the  circumftance  of  its  freezing  point  be- 
ing placed  at  a confiderably  higher  temperature  than 
thofe  of  either  of  the  other  two  fubftances. 

To  explain  this  advantage,  it  mult  be  confidered, 
that  oils  do  not  take  fire,  unlefs  they  be  previoufly  vo- 
latilized by  heat.  The  wick  of  a cSaidle,  or  lamp,  an- 
fwers  this  purpofe.  The  oil  rifes  between  the  fibres  of 
the  wick  by  the  capillary  attractions  Heat  is  applied 
to  the  extremity  of  the  wick,  which  volatilizes  and  fets 
fire  to  a portion  of  the  oil.  While  this  is  diffipated  by 
combuftion,  another  portion  paffes  along  the  fibres, 
and  fupplies  its  place  by  becoming  heated  and  burned 
likewife.  In  this  way  a conflant  combuftion  is  main- 
tained. It  mult  be  remarked,  however,  that  a candle 
differs  from  a lamp  in  one  very  effential  circumftance, 
namely,  that  the  oil,  or  tallow,  is  liquefied  only  as  it 
comes  to  be  in  the  vicinity  of  the  conflagration  ; and 
this  fluid  is  retained  in  the  hollow  of  the  part  which  is 
ftill  concrete,  and  forms  a kind  of  cup.  Fof  this  rea- 
fon,  it  is  found  neceffary  that  the  ^vick  fhould  not  be 
too  thin  y becaufe,  in  this  cafe,  it  would  not  carry  off 
the  fluid  as  fall  as  it  becomes  fufed  ; and  the  confe- 
quence  would  be,  that  it  would  run  down  the  fides 
of  the  candle : and,  as  the  inconvenience  arifes  from 
the  fufibility  of  the  oil,  it  is  plain  that  a more  fufible 
candle  will  require  a larger  wick  ; or  that  the  wick  of 
a wax  candle  may  be  made  thinner  than  that  ©f  one 
of  tallow. 

The  difference  of  effect,  iu  illumination,  between  a 
thick  and  a thin  wick,  cannot  be  better  fhewn  than  by 
remarking  the  appearances  produced  by  both.  When 
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s candle  with  a thick  wick  is  firft  lighted,  and  the  wax. 
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wick  fluffed  fhort,  the  flame  is  perfect  and  luminous,  -rhe  amt  ef- 
-unlefs  its  diameter  be  very  great ; in  which  laft  cafe,  fc&s  of  the  wick 
there  is  an  opake  part  in  the  middle,  where  the  corn- 
bullion  is  impeded  for  want  of  air.  As  the  wick  be- 
comes longer,  the  fpace  between  its  upper  extremity 
and  the  apex  of  the  flame  is  diminilhed ; and  confe- 
quently  the  oil  which  ifliies  from  that  extremity, 
having  a lefs  fpace  of  ignition  to  pafs  through,  is  lefs 
completely  burned,  and  pafles  oil'  partly  in  fmoke. 

This  evil  continues  to  increafe,  until  at  length  the  up- 
per'extremity  of  the  wick  projedts  beyond  the  flame, 
and  forms  a fupport  for  an  accumulation  of  foot,  which 
is  afforded  by  the  imperfedt  combuftion.  A candle,  in 
this  fituation,  affords  fcarcely  one  tenth  of  the  light 
which  the  due  combuftion  of  its  materials  would  pro- 
duce ; and  tallow-candles,  on  this  account,  require 
continual  fluffing. — But,  on  the  contrary,  if  we  ' 
confider  the  wax  candle,  we  find  that,  as  its  wick 
lengthens,  the  light  indeed  becomes  lefs,  and  the  cup 
becomes  filled  with  melted  wax.  The  wick  however, 
being  thin  and  flexible,  does  not  long  occupy  its  place 
in  the  center  of  the  flame;  neither  does  it,  when  there, 
enlarge  the  diameter  of  the  flame  fo  as  to  prevent  the 
accefs  of  air  to  its  internal  part.  When  its  length  is 
too  great  for  the  vertical  pofition,  it  bends  on  one  fide; 
and  its  extremity,  coming  into  contadt  with  the  air, 
is  burned  to  afhes  ; excepting  fuch  a portion  as  is  de- 
fended by  the  continual  afflux  of  melted  wax,  which  is 
volatilized,  and  completely  burned,  by  the  furrounding 
flame.  We  fee  therefore  that  the  difficult  fu Ability  of 
wax  renders  it  practicable  to  burn  a large  quantity  of 
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wax.  i.acca.  fluid  by  means  of  a fmall  wick ; and  that  this  fmall 
*"  v“  wick,  by  turning  on  one  fide  in  confequence  of  its 
flexibility,  performs  the  operation  of  fnuffing  upon 
itfelf,  in  a much  more  accurate  manner  than  it  can 
ever  be  performed  mechanically. 

Wax  is  not  foluble  in  ardent  fpirit. 


Stick-lac,  fhell-  Lac,  or  lacca,  is  a fubftance  well  known  in  Europe, 
lac’:  under  the  different  appellations  of  flick-lac,  fhell-lac, 

and  feed-lac.  The  firfl  is  the  lac  itfelf,  which  is  a 
brown  femi-tranfparent  fubftance,  in  pretty  confider- 
able  lumps,  with  woody  parts  adhering  to  it.  Seed- 
lac  is  the  ftick-lac  broken  in  pieces,  and  appearing 
in  a granulated  form.  Shell-lac  is  the  fubftance 
which  has  undergone  a Ample  purification. 

«— itspreduftion.  Lac  is  the  producl  of  an  infeft  *,  which  depofits  its 

eggs  on  the  branches  of  a tree  called  Bihar,  in  Afiam, 
a country  bordering  on  Thibet,  and  elfewhere  in  India. 
It  appears  defigned  to  anfwer  the  purpofe  of  defending 
the  eggs  from  injury,  and  affording  food  for  the  maggot 
in  a more  advanced  ftate.  It  is  formed  into  cells, 
finifhed  with  a9  much  art  and  regularity  as  an  honey- 
comb, but  differently  arranged  j and  the  inhabitants 
colle£l  it  twice  a year,  in  the  months  of  February  and 
Auguft.  For  the  purification,  it  is  broken  into  fmall 
pieces,  and  put  into  a canvas  bag.  of  about  four  feet 
long,  and  not  above  fix  inches  in  circumference.  Two 
of  thefe  bags  are  in  conftant  ufe,  and  each  of  them 
held  by  two  men.  The  bag  is  placed  over  a fire,  and 
frequently  turned,  till  the  lac  is  liquid  enough  to  pafs 

For  a defcription,  confult  Kerr,  in  the  flul.  Tranf.  vol.  lxxi. 
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.through  its  pores ; when  it  is  taken  off  the  fire,  and  lacca. 
twilled  in  different  directions  by  the  men  who  hold  it,  pul.illca^l0I"'  J 
ut  the  fame  time  dragging  it- along  the  convex  part  of  lac- 
a plantain  tree  prepared  for  that  purpofe ; and,  while 
this  is  doing,  the  other  bag  is  heating,  to  be  treated  in 
the  fame  way.  The  mucilaginous  and  fmooth  furface 
of  the  plantain  tree  prevents  its  adhering-,  and  the  de- 
gree of  preflure  regulates  the  thicknefs  of  the  coating 
of  lac,  at  the  fame  time  that  the  finenefs  of  the  bag 
determines  its  clearnefs  and  tranfpareney  *. 

Lac  is  not  entitled  to  arrangement  either  with  oils,  Chara£ters. 
rpfins,  or  gums.  It  is  not  foluble  .either  in  water, 
or  in  fat  oils.  Some  effential  oils  appear  to  extraCl  a 
dilute  tinClure.  The  aClion  of  the  acids  upon  lac, 

either  when  concentrated  or  diluted,  does  not  feem  to 

/ 

be  confiderable;  but  this  requires  more  particular  exa- 

t 

mination,  efpecially  as  far  as  relates  to  the  nitrous 
acid.  Ardent  fpirit  a£ls  but  feebly  on  this  fubftance. 

By  flapding  upon  it  in  the  cold,  it  forms  a clear  tinc- 
ture, apparently  by  diflolving  only  a part  of  its  prin- 
ciples ; but,  when  digelted  in  a moderate  heat,  the 
whole  of  the  lac  unites  with  the  fpirit,  and  forms  a 
turbid  mixture,  or  imperfeCt  folution,  of  a gummy 
appearance,  which  does  not  afterwards  become  clear.  Hard  varnifli. 

In  this  way,  however,  with  judicious  management,  it 
appears  practicable  to  form  a.  very  hard  opake  varnifh, 
refembling  that  of  China  or  Japan.  The  principal  ufe 
of  lac  is  in  the  manufacturing  of  fealing-wax,  and  in 
dying  fcarlet.  For  this  laft  purpofe,  half  a dram  of 
powdered  comfrey  root  is  to  be  boiled  in  a quart  of 

Saunders,  in  Phil.  Tranf.  vol.  lxxix. 
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silk:,  acid  of  silk-worms. 


la cca.  silk,  water  for  a quarter  of  an  hour,  and  fome  powdered 
Ufes  of  lac.  gum  ^ac  digefted  in  the  deco&ion  for  two  hours. 

The  tindlure  appears  of  a fine  crimfon  colour ; and 
the  remaining  lac,  if  the  quantity  of  liquor  has  been 
fufficient,  is  of  a pale  draw  colour.  The  clear  tinc- 
ture being  then  poured  off,  and  a folution  of  alum 
gradually  added,  the  colouring  matter  fubfides,  in  the 
form  of  one  of  the  powders  called  lakes,  which  amounts 
to  about  one  fifth  part  of  the  weight  of  the  lac.  This 
fecula  is  difiolved  in  warm  water,  with  the  addition  of 
a proper  quantity  of  the  folution  of  tin  in  aqua  regia : 
and  the  liquor,  which  is  of  a fiery  red  colour,  is  then 
to  be  poured  into  boiling  water,  impregnated  with  fait 
Lewis  on  Neu-  of  tartar,  or  the  mild  fixed  vegetable  alkali.  The  bath, 
thus  formed,  is  a good  fcarlet  dye  for  woollens,  though 
lefs  lively  than  that  of  cochineal. 

Silk  is  a well-known  fubftance,  which  ferves  as  a 
nidus  for  the  chryfalis  of  the  filk-worm.  Its  extenfive 
utility,  when  contrafted  with  the  fmall  profpedl  of 
advantage  which  its  appearance  in  the  crude  ftate 
feems  to  afford,  may  ferve  to  ftimulate  our  induftry  in  gj 
the  examination  of  other  natural  produfts ; many  of 
which,  though  negle&ed  at  prefent,  might,  on  en- 
quiry, be  found  equally  beneficial  to  fociety.  This 
fubftance  feems  to  hold  a middle  rank  between  animal 
and  vegetable  matters.  It  affords  volatile  alkali  by 
diftillation,  and  gives  out  phlogifticated  air  when 
treated  with  nitrous  acid.  By  diftilling  the  nitrous 
acid  from  this  fubftance,  the  acid  of  fugar  is  obtained, 
and  likewife  a peculiar  oil.  The  phalaena,  or  moth 
of  the  filk-worm,  ejedls  a liquor  which  appears  to 

contain 
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eontain  a peculiar  acid,  hitherto  little  examined.  It  silk.  wool. 
is  obtained  in  a ftate  of  purity  by  infufing  the  chryfa-  v J 
lides  in  ardent  fpirits,  and  fubfequent  evaporation. 

The  hair  and  wool  of  animals  do  not  feem  to  differ  Animal  excrcf- 

cences. 

greatly  from  filk.  They  afford  much  acid  of  fugar, 
when  treated  with  nitrous,  acid.  It  is  probable  that 
horns,  feathers,  and  other  fimilar  excrefcences  of  ani- 
mals, are  nearly  of  the  fame  nature. 
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CONCERNING  THE  EXCREMENTITIOUS  PARTS  OF 

ANIMALS. 


excrement  H E fubftances  which  are  rejected  out  of  the* 

TITIOUS 
MATTERS. 


Urine  and  fecal 
matter. 


Page  zo8. 


Stone  of  the 
bladder* 


bodies  of  animals,  as  ufelefs,  are  urine,  and  the 
fecal  matter,  or  excrement.  Thefe  differ  in  the  vari- 
ous fpecies  of  animals,  according  to  their  refpeftive 
natures  and  food.  But  little  attention  has  been  paid 
by  chemifts  to  the  urine  or  excrements  of  any  animals 
except  the  human  fpecies.  We  have  already  had 
occafion  to  mention  the  contents  of  urine,  in  treating 
of  the  phofphoric  acid,  in  our  account  of  the  mineral 
kingdom  7 and  {ball  therefore,  in  the  prefent  place, 
confine  our  remarks  to  that  peculiar  depofition  which 
is  known  by  the  name  of  the  urinary  calculus,  or 
ftone  of  the  bladder. 

The  matter  which  forms  thefe  hard  concretions  is 
found  in  all  urine  , and  is  depofited  by  cooling',  after 
the  greateft  part  is  evaporated.  Heat  again  diifolves 
it.  In  about  three  hundred  times  its  weight  of  boiling 
water  it  is  either  totally  foluble,  or  it  leaves  a very 
inconfiderable  refidue,  which  feems  to  be  an  impurity. 
As  the  fluid  becomes  cold,  molt  of  the  calculus  is 
again  feparated  in  fine  cryftals.  The  vitriolic  acid  dif- 
folves  it  with  effervefcence  •,  the  marine  acid  does  not 
appear  to  a£t  upon  it ; and  the  nitrous  acid  totally  dif~ 
folves'it.  This  folution  affords  no  precipitate  by  the 
acid  of  fugar,  though  the  vitriolic  acid  throws  down  a 
fin  all  portion  of  felenite : whence  it  appears  that  the 
* calculus 
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calculus  contains  fome  lime.  Pure  alkalis  diffolve  it,  excremen- 
ts does  like  wile  lime-water.  By  deftrudtive  diftilla-  TITIOUs 

1 . MATTERS. 

tion,  the  calculus  affords  fluid  volatile  alkali,  and  a fub-  i i 

limate  of  a brown  colour,  which  by  a fecond  fublima- 
tion  becomes  white.  This  has  a fourilh  tafte,  is  eafily  Acid  of  the  ffone 
foluble  in  boiling  water,  and  alio  in  ardent  fpirit.  the  bladdfcr’ 

From  the  above,  and  other  experiments,  it  appears 
that  the  calculus  confifts  of  an  acid  of  a volatile  na- 
ture, together  with  fome  gelatinous  or  oily  matter,  and 
a fmall  portion  of  lime.  The  acid  itfelf  may  probably 
be  a compound  fait  with  excefs  of  acid,  fimilar  to  the 
combinations  of  mineral  alkali  and  phofphoric  acid,  Page  209. 
vegetable  alkali  and  tartareous  acid,  and  fome  others 
which  were  confldered  as  Ample  acids,  until  chemifts 
had  devifed  means  of  feparating  their  component  parts. 

We  fee  therefore  that  the  analyfis  of  the  Hone  of  the 
bladder  has  not  yet  been  perfectly  made. 

However  important  the  knowledge  of  the  compo-  Homberg’s  e *- 
nent  parts  of  fecal  matter  may  be,  to  facilitate  our  huinan'  excre- 
acquaintance  with  the  animal  fyftem,  it  may  eaflly  be  mcnt- 
imagined  that  the  purfuits  of  the  majority  of  chemifts 
would  be  directed  to  departments  of  the  fcience* 
which  promifed  effedts  of  a lefs  difgufting  nature. 

We  poflefs  but  one  fet  of  experiments  made  on  this 
fubftance,  by  Homberg,  at  the  beginning  of  the  pre- 
fent  century.  This  philofopher,  in  confequence  of 
alchemiftical  information,  inftituted  a fet  of  operations 
upon  the  fecal  matter  of  men  fed  entirely  upon  bread 
of  Goneffe  *,  and  Champagne  wine.  He  found  that, 

: A fmall  town  near  Paris,  where  the  molt  excellent  bread  is 

made. 

when 
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excremen-  when  recent,  it  afforded,  by  diftillation  to  drynefs,  an 
matters.  a<lueoU6>  clear,  infipid  liquor,  of  a difagreeable  odour, 
v v 1 which  contained  no  volatile  alkali  ; but,  by  continuing 

periiments  on'the  to  the  refidue  by  a graduated  fire,  he  obtained 

human  fecal  fluid  and  concrete  volatile  alkali,  a fetid  oil,  and  a 
coaly  refidue ; fubftances  which  this  imperfect  me- 
thod of  analyfis  exhibits  with  every  kind  of  animal 
fubftance. 

The  human  fecal  matter,  by  lixiviation  in  water, 
filtration,  and  fubfequent  evaporation,  afforded  an  oily 
fait  refembling  nitre,  which  was  fufed  on  ignited  coals, 
and  took  fire  when  heated  to  a certain  degree  in  clofed 
velfels.  The  fame  fecal  matter,  after  it  had  undergone 
a complete  putrefaction  for  forty  days,  in  the  gentle 
heat  of  a water-bath,  afterwards  afforded  by  diftilla- 
tion a colourlefs  oil  without  fmell,  which  was  the 
thing  fought  after ; but  it  did  not  fix  mercury,  as  he 
had  been  led  to  expedt. 

Imperfedt  as  this  examination  is,  it  is  rendered  ftill 
lefs  generally  applicable  by  the  peculiar  nature  of  the 
aliments  from  which  the  matter  originated.  For  it 
cannot  be  doubted  but  that,  as  the  excrements  are  the 
refidue  of  the  food  taken,  they  will  differ  according 
to  the  nature  of  that  food;  as  is  indeed  fufficiently 
evinced  from  their  more  obvious  qualities. 

Ambergris.  It  is  at  prefent  a general  opinion  *,  that  ambergris 
is  an  excrementitious  fubftance,  voided  by  the  phy- 

* Chiefly  grounded  on  the  enquiries  and  obfervations  of  Dr. 
Swediar,  in  the  Phil.  Tranf.  for  1783.  Mr.  Magellan  however 
mentions  an  undoubtedly  vegetable  ambergris,  gathered  from  the 
tree  by  M.  Aublet,  and  examined  by  Rouclle.  Cronftedt’s  Mi- 
neralogy, p.  458. 

. . le*.er 
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feter  macroceplialus,  or  fpermaceti  whale.  Ambergris  excremen- 
is  found  in  the  fea,  near  the  coafts  of  various  tropical  TITI0US 
countries  5 and  is  either  white,  black,  afh-coloured,  v.  . j 
yellow,  or  grey,  with  black  or  yellow  fpecks.  A flight  °f 

warmth  foftens  it,  like  pitch ; by  a greater  heat  it 
takes  fire ; and  its  chemical  products  refemble  thofe 
of  bitumens,  afhong  which  it  has  ufually  been  ranked. 

Oils  diflblve  it ; as  does  likewife  ardent  fpirit,  if  its 
quantity  be  twelve  times  that  of  the  ambergris,  and 
its  temperature  boiling.  An  addition  of  eflential  oil 
promotes  the  folution. 

Various  other  matters  are  rejected  from  animals  ; Matter  of  per* 
fuch  as  the  matter  of  perfpiration,  the  nafal  mucus,  fPiratlon»  &Ca 
tears,  &c.  But  as  none  of  thefe  have  been  examined, 
we  (hall  avoid  entering  into  any  detail  of  their  obvious 
properties. 
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CONCERNING  THE  BLOOD,  AND  THE  OTHER  FLUID 
OR  SOLID  MATTERS,  OF  WHICH  ANIMALS 

t - 'l 

ARE  FORMED. 


PARTS  OF 
ANIMALS. 


The  blood : 


/ 


— differences. 


THE  fluid  which  firft  prefents  itfelf  to  obfervatiort 
when  the  parts  of  living  animals  are  divided  or 
deftroyed,  is  the  blood,  which  circulates  with  confi- 
derable  velocity  through  veflels  called  veins  and  ar- 
teries, diftributed  into  every  part  of  the  fyftem.  It 
can  fcarcely  admit  of  doubt  but  that  the  component 
parts,  or  immediate  principles  of  the  blood,  muft  dif- 
fer in  the  various  and  exceedingly  diflimilar  genera 
and  fpecies  of  animals  which  occupy  the  land  and 
waters  of  the  globe ; and  that  there  are  likewife  dif- 
ferences in  the  ftate  or  compofition  of  this  fluid  in  the 
fame  animal,  according  to  its  ftate  of  health,  as  well 
as  the  fituation  of  the  veflels  from  which  it  may  be 
extracted.  Thefe  differences  can  be  afeertained  only 
by  the  united  efforts  of  the  anatomift  and  the  chemift. 
But  as  the  difficulty  and  extent  of  the  fubjeeft  have 
hitherto  prevented  any  confiderable  progrefs,  it  be- 
comes an  objedt  of  neceffity  to  confine  our  attention 
to  the  blood  of  man,  or  of  fuch  quadrupeds  as  afford 
this  fluid  in  a ftate  not  obvioully  different  from  that 
of  the  human  fpecies. 

Recent  blood  is  uniformly  fluid,  and  of  a faline  or 
Rightly  ferruginous  tafte.  Under  the  microfcope  it 

appears 
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appears  to  be  compofed  of  a prodigious  number  of  red  parts  of 
globules  fwimming  in  a tranfparent  fluid.  After  (land-  t ANIMALS*^ 
ing  for  a.fhort  time,  its  parts  feparate  into  a thick  red  characters  of 
matter,  or  craflamentum,  and  a fluid  called  ferum.  If  the  blood* 
it  be  agitated  till  cold,  it  continues  fluid ; but  a con- 
fiftent  polypous  matter  adheres  to  the  ftirrer,  which 
by  repeated  ablutions  with  water  becomes  white,  and 
has  a fibrous  appearance  : the  craflamentum  becomes 
white  and  fibrous  by  the  fame  treatment.  If  blood  be 
received  from  the  vein  in  warm  water,  a fimilar  fila- 
mentous matter  fubfides,  while  the  other  parts  are 
difiolved.  Alkalis  prevent  the  blood  from  coagulat- 
ing ; acids,  on  the  contrary,  accelerate  that  eife£!.  Habitudes  with 
In  the  latter  cafe  the  fluid  is  found  to  contain  neutral  aads’  &L’ 
falts,  confifting  of  the  acid  itfelf  united  with  mineral 
alkali,  which  confequently  mult  exift  in  the  blood, 
probably  in  a difengaged  ftate.  Ardent  fpirit  coagu- 
lates blood.  On  the  water-bath,  blood  'affords  an 
aqueotis  fluid,  neither  acid  nor  alkaline  ; but  of  a faint  Diftillatioa. 
fmell,  and  ealily  becoming  putrid.  A ftronger  heat 
gradually  dries  it,  and  at  the  fame  time  reduces  it  to  a 
mafs  of  about  one  eighth  of  its  original  weight.  In 
this  ftate  it  flightly  attra£ls  the  humidity  of  the  air, 
and  eifervefces  with  acids  ; but  by  a longer  expofure, 
for  fome  months,  it  becomes  covered  with  an  effloref- 

cence  of  mild  mineral  alkali.  By  deffru&ive  diffillation 

/ 

this  animal  fluid  affords  a watery  liquor,  holding  in 
folution  a neutral  fait,  with  excefs  of  volatile  alkali, 
but  whofe  acid  part  has  not  been  well  afcertained  : 
next  follows  a light  oil,  a denfe  coloured  oil,  and  foul 
or  oleaginous  volatile  alkali.  The  refidue  is  a coal  of 
very  difficult  incineration,  containing  common  fait, 

mineral 
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Sci-um  of  blood : 


* — referable* 
white  of  egg, 
turd,  and  vege- 
iable  gluten : 


— with  alkalis 
and  acids : 


— with  ardent 
fpirit  : 

— nitrous  acid. 


Craffamentum. 


mineral  alkali,  and  an  earth,  which  is  probably  a com* 
bination  of  lime  and  phofphoric  acid. 

The  ferum  of  blood  exhibits  marks  of  a difengaged 
alkaline  fait,  and  is  greatly  difpofed  to  putrefy.  It 
unites  with  water  in  all  proportions,  and  forms  a 
milky  fluid,  which  may  be  coagulated  by  acids  or 
ardent  fpirit.  An  increafe  of  temperature  caufes 
ferum  to  become  conflftent,  with  little  or  no  lofs  of 
weight,  in  the  fame  manner  as  the  white  of  egg ; and 
it  is  accordingly  ufed  for  the  fame  purpofe  in  clarify- 
ing liquids.  From  a variety  of  experiments,  it  appears 
highly  probable  that  white  of  egg,  ferum  of  blood,  and 
the  pure  curd  of  milk,  do  not  effentially  differ  from 
each  other : and  to  thefe  we  may  perhaps  add  the  ve- 
getable gluten,  which  confiderably  refembles  cheefe. 

Alkalis  render  the  ferum  of  blood  more  fluid ; acids 
coagulate  it,  and  exhibit  the  neutral  fait  they  would 
have  produced  by  diredl  combination  with  mineral 
alkali.  The  coagulum  affords,  by  diftillation,  phlegm, 
mild  volatile  alkali,  and  a thick  fetid  oil ; and  the 
refidue  affords  mild  mineral  alkali.  Thefe  produdls 
are  the  fame  as  are  afforded  by  the  ferum  itfelf. 

Serum  is  alfo  coagulated  by  ardent  fpirit,  merely  by 
the  lofs  of  part  of  its  water.  When  rendered  concrete 
by  heat,  and  expofed  to  the  adftion  of  nitrous  acid,  it 
affords  phlogifticated  air  by  a flight  heat,  which  is  fol- 
lowed by  nitrous  air  *,  and  the  refidue  affords  acid  of 
fugar,  together  with  a fmall  portion  of  acid  of  apples. 

The  craffamentum  of  blood,  when  treated  in  the  way 
of  diftillation,  becomes  dry  and  brittle,  at  the  fame 
time  that  it  emits  an  alkaline  phlegm  ; this  is  followed 
by  an  empyreumatic  (linking  oil,  and  concrete  volatile 

alkali. 
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Silkali.  A fpungy  brilliant  coal  remains,  which  by 
treatment  with  vitriolic  acid  is  found  to  contain  mi- 

i 

neral  alkali  and  iron,  as  appears  by  the  production  of 
Glauber’s  fait  and  martial  vitriol : coaly  matter  and 
phofphorated  lime  are  then  left  behiild. 

The  fibrous  matter,  which  is  obtained  by  walhing  Fibrous  part  ef 
the  red  part  of  the  blood,  refembles  the  ferum  in  many  °° 
of  itsLproperties  *,  though  it  differs  from  it  in  not  being 
foluble  in  water,  in  becoming  hard  by  a very  gentle 
heat,  and  in  not  combining  with  alkalis.  Acids  unite  — with  acids. 
With  it,  and  in  particular  the  nitrous  acid  diffolves  it, 
and  extricates  phlogifticated  and  nitrous  air ; while 
the  refidue,  by  evaporation,  affords  acid  of  fugar  in 
cryftals,  a peculiar  oil  in  flocks,  and  the  phofphoric  fait 
of  lime.  Its  volatile  products  by  deltrudtive  diftilla-  Deft'ruaive  dir- 
tion  are  nearly  tile  fame  as  thofe  of  ferum : but  its 
refidue  contains  no  fait,  except  the  combination  of 
lime  and  phofphoric  acid  •,  the  other  falts  it  might 
have  contained  having  probably  been  carried  off  dur- 
ing the  wafhing.  Marine  acid  forms  a green  jelly 
with  the  fibrous  parts  of  the  blood. 


The  foft  and  flexible  parts  of  animals  appear  to  be  Softpai-tsofani* 
compofed  of  principles  greatly  refembling  thofe  of  the  mals‘ 
blood.  When  they  are  boiled  in  water,  the  fluid  ex- 
tracts that  peculiar  animal  fubftance  which  is  known 
by  the  name  of  jelly  or  glue.  This  is  afforded  by  the  Jelly  or  glue, 
white  parts  molt  plentifully,  though  it  is  found  in 
almoft  every  part  of  the  animal  folids.  Its  appear- 
ance and  .infipidity,  together  with  its  other  obvious 
properties,  are  well  known.  It  is  foluble  in  water,  in 
all  proportions  j is  more  fluid  when  hot  than  when 

L 1 cold* 
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cold.  Alkalis  and  acids  both  diffolve  it.  Ey  fponta- 
neous  decompofition  it  firft  becomes  acid,  and  foon 
afterwards  putrefies.  By  deftru&ive  diflillation  it 
affords  an  alkaline  phlegm,  an  empyreumatic  oil,  and 
a fmall  quantity  of  volatile  alkali.  The  refidual  coal 
is  voluminous,  not  eafily  incinerated,  and  contains 
common  fait,  with  the  phofphoric  fait  of  lime.  The 
habitude  of  the  nitrous  acid  with  glue,  or  jelly,  is  the 
fame  as  with  other  animal  fubftancesj  phlogifticated 
air  and  nitrous  air  are  difengaged,  and  the  refidue 
affords  acid  of  fugar. 

Befides  the  parenchymatous  and  cellular  fubftance 
of  which  the  mufcles  of  animals  are  formed,  their 
veffels  contain  fluids  pofTeffed  of  various  properties. 
Thefe  may  be  obtained  by  preffure,  and  the  judicious 
application  of  water  and  ardent  fpirit,  either  with  or 
without  heat.  If  flefh  be  wafhed  in  cold  water,  a 
portion  of  blood  and  gelatinous  matter,  together  with 
faline  matter,  are  extracted  : the  refidue  being  digefted 
in  ardent  fpirit,  is  by  that  means  deprived  of  an 
extractive  or  faponacaous  fubftance  ; and  fubfequent 
ebullition  in  water  diffolves  the  gelatinous  part,  at  the 
fame  time  that  it  deprives  it  of  fueh  portions  of  extract 
and  fait  as  had  been  defended  ■ from  the  action  of  the 
two  former  folvents.  The  fat  is  alfo  liquefied  by  this 
operation,  and  arifes  to  the  furface.  By  flow  evapo- 
ration of  the  aqueous  folution,  made  in  the  cold,  the 
albuminous  part,  or  ferum,  coagulates,  and  may  be 
feparated  on  the  filter : the  filtered  liquor  will  afford 
its  fait  by  evaporation : the  fpirituous  folution  depo- 
fits  the  extractive  matter  by  evaporation  : arid  the  de- 
codtion  affords  the  jelly,  with  the  fat  oil,  which  fwims 
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at  the  furface  and  congeals  by  cooling.  The  remain-  parts  of 
ing  folid  fubftance  confifts  merely  of  the  fibrous  mat-  L ANmALS>^ 
ter,  which  is  white,  infipid,  and  infoluble  in  water.  Analyfis  of  the 
This  affords  much  volatile  alkali,  and  a very  fetid  oil,  fldh  animal  ’ 
by  diftillation  5 and  it  gives  out  a large  quantity  of 
phlogifticated  air  when  treated  with  nitrous  acid.  In 
a word,  it  has  all  the  characters  of  the  fibrous  part  of 
the  blood,  and  is  probably  formed  by  the  depofition 
of  that  fubftance  *. 

The  extractive  or  faponaceous  matter  obtained  by 
the  evaporation  of  the  fpirit,  is  foluble  likewife  in 
water ; it  fvvells  up  and  liquefies  by  heat,  and  emits 
a fmell  fomewhat  rcfembling  that  of  burned  fugar  1 
it  is  this  fubftance  which  predominates  in  the  brown 
cruft  that  covers  the  furface  of  roafted  meat.  The  1 
fait  afforded  by  the  deccCtion  of  fiefli  has  not  been 
perfectly  examined ; but  it  feems  to  confift  of  the 
phofphoric  acid,  united  partly  with  the  vegetable  al- 
kali, and  partly  with  lime. 


The  fat  of  animals  is  a fubftance  of  the  fame  nature  Fat  of  animals, 
as  thofe  oils,  which  are  called  fat  oils  in  the  vegetable 
kingdom.  Its  confidence  is  various  in  different  ani- 
mals, and  in  different  parts  of  the  fame  animal.  The 
fat  of  the  human  fpecies  and  of  quadrupeds  is  confid- 
ent, and  of  a white  or  yellowifh  colour ; the  fat  of 
the  internal  parts  being  ufually  firmer  than  that  which 
is  placed  among  the  mufcles.  It  poffeffes  all  the  cha-  Fage4zi, 
TaCters  of  vegetable  fat  oils  \ though  the  crude  fat  of 
animals  appears  to  contain  a confiderable  quantity  of 


K*  Foureroy,  iv,  427. 
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mucilage  or  jelly  peculiar  to  that  kingdom,  which 
may  for  the  mofl  part  be  wafhed  off  by  agitation  in  * 
large  quantity  of  hot  water. 

The  acid  of  fat  is  confidered  as  belonging  to  the 
animal  kingdom,  though  indeed  it  is  no  lefs  abundant 
in  the  fat  oils  of  vegetables.  It  may  be  obtained  by 
diftillation.  Or  otherwife  a quantity  of  fuet  may  be 
melted,  and  mixed  with  quick-lime : as  foon  as  the 
mixture  is  cold,  it  muft  be  boiled  in  a large  quantity 
of  water.  After  filtration  and  evaporation,  the  calca- 
reous fait  formed  by  the  combination  of  that  earth 
with  the  acid  of  the  fat,  is  obtained  of  a brown  co- 
lour. A flight  calcination  in  a crucible  renders  it 
purer,  by  the  deflrudlion  of  a portion  of  inflam- 
mable matter ; and  by  folution,  filtration,  and  the 
addition  of  a certain  quantity  of  fixed  air  to  preci- 
pitate the  fuperfluous  lime,  a clear  folution  of  the 
acid  of  fat,  neutralized  with  calcareous  earth,  is 
obtained.  Evaporation  of  this  fluid  affords  the  pure 
white  fait ; and  this,  when  diftilled  with  the  addi- 
tion of  vitriolic  acid,  affords  the  acid  of  fat,  which 
comes  over  into  the  receiver,  while  the  lime  and 
vitriolic  acid  remain  in  the  retort,  in  the  form  of 
felenite.' 

The  general  characters  of  the  acid  of  fat  are  the 
following : — It  is  liquid,  fuming,  and  of  a penetrating 
fmell ; decompofable  by  fire,  which  turns  it  yellow, 
and  extricates  or  produces  fixed  air.  Blue  colours 
are  ilrongly  reddened  by  it.  Water  dilTblves  it  in  all 
proportions.  With  lime,  and  alfo  with  the  fixed 
/rkalis,  it  forms  cryftallizable  falts,  which  are  not 
decompcfed  by  heat.  Siliceous  earth  appears  to  be 
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Spermaceti  is  a peculiar  fubftance,  of  the  nature  of  Method  of  ob- 

11  _ taming  fpcima- 

fat  oil,  which  is  found  in  the  head  of  a fpecies  ofqeti. 
whale.  One  of  thefe  fifhes  affords  fome  tons  of  brains, 
which  are  firft  grofsly  freed  from  the  oil,  by  draining 
and  preffmg ; and  afterwards  more  perfedlly  purified, 
by  fteeping  them  in  a lye  of  alkaline  fait  and  quick- 
lime, which  converts  the  remains  of  the  oily  matter 
into  foap.  The  brains  being  then  wafhed  with  water, 
appear  of  a filver  whitenefs  ; and  nothing  more  is  then 
required  to  complete  the  preparation,  than  to  cut 
them  in  pieces  with  wooden  knives,  and  fpread  them 
abroad  to  dry.  Good  fpermaceti  is  in  fine  white  Its  character : 
flakes,  gloffy,  and  femi-tranfparent  •,  rather  undfuous 

to  the  touch,  though  dry,  and  in  fome  meafure  friable, 

* 

Its  fmell  is  faintiflh,  though  not  difagreeable  ; and  it 
has  fcarcely  any  tafte,  on  account  of  its  being  either 
nearly  or  totally  infoluble  in  the  faliva : expofure  to 
the  air  renders  it  yellowifh  and  rancid  in  procefs  of 
time ; and  that  the  more  readily,  in  proportion  as 
the  original  purification  has  been  lefs  complete.  It 
may  however  be  rendered  white  and  fweet  again,  by 
fteeping  it  afrefii  in  cauftic  alkali,  and  w-afhing  it  ip 
water.  fc  . 

It  is  fcarcely,  if  at  all,  more  combuftlble  than  ^-and habitudes, 
tallow ; and  is  a much  better  material  for  candles, 
becaufe  lefs  fufible  and  greafy  By  diftUlation  it 
totally  rifes,  leaving  no  coal  behind ; but  its  com- 
ponent parts  do  not  rife  together.  Four  ounces  of 
this  fubftance  afforded  three  ounces  and  a half  of  a 
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clear  yellowifli  butyraceous  oil,  rcfembling  oil  of 
wax  in  fmell,  and  coagulate  in  the  cold,  like  that 
fubftance ; a drachm  and  a half  of  the  product  con- 
fided of  phlegm,  and  the  reft  was  wafted  or  difhpated 
in  the  procefs  *. 

Water  has  no  other  effeCt  upon  fpermaceti,  when 
boiled  with  it,  than  to  feparate  a fmall  quantity  of 
mucilaginous,  or  perhaps  faponaceous  matter,  which 
is  probably  an  impurity.  Oils  dilfolve  it,  by  the  aflift- 
ance  of  heat ; hot  ardent  fpirit  likewife  diffolves  it, 
but  lets  the  greateft  part  fall  upon  cooling  •,  ether  dif- 
folves  it  very  readily  fulphur  combines  with  this  fub- 
ftance, in  the  fame  manner  as  it  does  with  fat  oils ; 
the  nitrous  and  marine  acids  have  no  aCHon  on  it ; 
concentrated  vitriolic  acid  diflolves  it,  but  lets  it  fall 
again  by  heat. 

It  has  been  conjectured  that  this  fmgular  fubftance 
bears  the  fame  relation  to  fat  oils  as  camphor  does  to 
the  eflential  oils.  Wax  appears  to  have  the-  fame  rela- 
tion to  fixed  oils,  as  refin  has  to  the  eflential ; that  is 
to  fay,  both  have  been  rendered  concrete  by  the  ab- 
forption  of  vital  air.  But  fpermaceti  and  camphor 
feem  to  differ  in  fpme  other  leading  particular ; pro- 
bably in  the  abfence  of  acid,  or  of  any  bafis  which 
can  eafily  be  acidified  by  the  aftion  of  nitrous  or 
other  acids.  Much  information  would  no  doubt  be 
derived  from  a careful  examination  of  the  products 
which  thefe  feveral  fubftances  afford  by  combuftion. 


a Neumann’s  Chemiftry,  by  Lewis,  ii.  422.  Pourcroy,  iv. 
447>  fays  that  fpermaceti  forms  a foap  with  cauftic  alkali ; which 
is  contrary  to  the  pofitive  aiTertion  of  Neumann,  from  whom  the 
foregoing  part  of  the  text  is  taken. 


The 


BONES. 


The  bones  of  men  and  quadrupeds  owe  their  great  parts  of  » 
firmnefs  and  folidity  to  a confiderable  portion  of  the  t ANiMALb-^ 
phofphoric  fait  of  lime  which  they  contain.  When  Bones, 
thefe  are  rafped  fmall,  and  boiled  in  water,  they  afford 
gelatinous  matter,  and  a portion  of  fat  or  oil,  which 
occupied  their  interftices.  By  deftrudlive  diftillation 
they  afford  alkaline  phlegm,  a fetid  oil,  and  much 
volatile  alkali ; leaving  a coal  not  eafily  burned.  In 
an  open  fire,  bones  are  inflamed  by  virtue  of  their  oil, 
and  emit  an  offenfive  empyreumatic  fraell.  The 
white,  friable,  and  incombuftible  refidue,  confifts  White  refidue. 
chiefly  of  lime  and  phofphoric  acid  in  combination. 

It  affords  a fmall  quantity  of  mild  mineral  alkali  by 
waffling  with  water.  This  white  matter  is  decom- 
pofable  by  fufion,  with  mild  fixed  alkalis,  which 
unite  with  the  phofphoric  acid,  at  the  fame  time  that 
the  fixed  air  converts  the  lime  into  chalk.  Acids  Page  20:. 
likewife  difengage  the  phofphoric  acid,  by  uniting 
with  the  lime.  The  nitrous  or  the  vitriolic  acids  are 
molt  commonly  ufed  in  this  procefs. 


( 
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CHAP.  V. 

CONCERNING  THE  BILE,  THE  GASTRIC  JUICE,  ANB 
THE  ACIP  OBTAINED  FROM  ANTS. 

animal  r-r*  j-j  E fluids  which  remain  to  be  confidered,  as 
i S‘  j compofing  part  of  animals,  are-,  the  bile,  the 

gaftric  juice,  and  fuch  acids  as  are  obtained  by  treat-, 
ment  of  animal  matters. 

£hara&ers  of  The  bile  or  gall  is  a fluid  of  a yellowiih  green 
jie  or  gall.  cojour^  exceffively  bitter,  and  of  a faint  naufeous 
fmell.  It  is  feparated  from  the  blood  in  a glandular 
vifcus,  well  known  by  the  denomination  of  the  liver, 
and  in  molt  animals  is  colledted  in  a vefiel  called  the 
gall  bladder.  The  gall  of  oxen  is  that  which  chemifts 
have  more  particularly  examined.  Its  confidence  is 
almoft  gelatinous ; by  agitation  it  forms  a froth  fimi- 
lar  to  that  of  a folution  of  foap.  Water  difl'olves 
it  in  all  proportions ; and  this  folution  produces  the 
fame  effect;  as  a folution  of  foap  in  fcouring  cloths. 
All  the  acids  decompofe  it,  and  produce  a coagulum, 
which  feparates  from  the  watery  folution,  at  the  fame 
time  that  the  acid  becomes  neutralized  by  a portion 
of  mineral  alkali  which  unites  with  it.  The  coagur 
lum,  which  may  be  feparated  by  the  filter,  is  thick, 
vifcid,  very  bitter,  and  very  inflammable.  It  appears 
fo  far  of  a rcfinous  nature,  as  to  be  totally  foluble  in 
ardent  fpirit : hence  it  follows  that  the  bile  con fi ft 9 
principally  of  a foap  compofed  of  this  matter,  and  the 
mineral  alkali.  It  alfo  contains  a quantity  of  ferum, 
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which  caufes  it  to  coagulate  by  heat,  or  by  the  adliori  animal 
of  ardent  fpirit,  and  difpofes  it  to  putrefy.  Ardent  t FLU^IDS’  ^ 
fpirit  takes  up  the  faponaceous  matter,  and  leaves  the 
ferum  behind. 

Deltrudlive  diftillation  feparates  fir  ft  an  aqueous  Definitive  dif- 

_ . . . , . . tillation  of  the' 

fluid,  neither  acid  nor  alkaline,  but  dupoied  to  pu-  bile, 
trefy.  Nothing  elfe  pafTes  over  upon  the  water-bath. 

The  refidue  is  of  a dark  colour,  very  tenacious, 
like  pitch,  and  totally  foluble  in  water.  If  the  diftil- 
lation  be  continued  with  caution,  on  account  of  the 
fwelling  of  the  matter,  the  products  are  a yellowifh 
alkaline  phlegm,  empyreumatic  oil,  much  volatile 
alkali,  and  the  elaftic  produ&s  confifl  of  fixed  and 
inflammable  air.  A considerable  coal  remains,  which 
contains  mineral  alkali,  an  earth,  which  is  probably  a 
combination  of  phofphoric  acid  and  lime,  and  a Small 
portion  of  iron. 

The  nature  of  the  biliary  concretions  which  are  Biliary  eoncre- 
formed  in  the  gall  bladder,  has  not  yet  been  com-tlonS’ 
pletely  afcertained,  Thefe  are  found  Sometimes  of  an 
irregular  texture,  and  a brown,  black,  yellowifh,  or 
greenifh  colour ; others  confifl  of  tranfparent  cryflah 
line  lamime,  Sometimes  radiated  from  the  centre  to 
the  circumference,  * Two  ounces  of  biliary  calculus, 
of  a grey  colour  without,  and  brownifh  green  within, 
were  difl'olved  in  twelve  times  their  weight  of  pure 
ardent  fpirit,  by  the  afliftance  of  a moderate  heat. 

The  hot  Solution  being  filtered,  Soon  depofited,  by 
cooling,  a large  quantity  of  laminated  white  brilliant 
cryflals,  refembling  the  concrete  acid  of  borax.  The 

•r  Fourcroy,  in  the  Annalcs  dc  Chiinic,  iii.  245. 
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animal  quantity  amounted  to  near  one  ftxteenth  of  the  whole 
^ ‘ J calculus ; and,  upon  examination,  it  poflefled  the  fol- 

Examination  of  lowing  properties : — It  was  inflammable,  and  melted 
sulus.1  Ul>  Lal'  by  a gentle  heat  in  a fpoon,  with  a fmell  like  wax, 
and  cooled  into  a brittle  fubflance  of  a cryftallized 
fradlure  : a fudden  heat  volatilized  the  whole.  Water 
had  no  adlion  upon  it  when  cold  ; but  boiling  water 
caufed  it  to  melt,  and  float  on  the  furface  like  an  oil, 
which  became  concrete  by  cooling..  Cauflic  alkalis 
converted  it  into  foap.  Nitrous  acid  diflolved  it 
quietly,  and  the  addition  of  water  feparated  it  unal- 
* tered.  Ardent  fpirit  diflolved  it  by  heat  ; but  the 
greateft  part  was  feparate'd  by  cooling.  Thefe  charac- 
ters indicate  that  it  is  a fubflance  of  the  fame  nature 
as  fpermaceti.  The  author  * of  this  valuable  difeo- 
very  has  alfo  found  that  the  cryftallized  gall  ftones 
contain  this  matter  ftill  more  abundantly  ; and  that  it 
exifted  in  confiderable  quantity  in  an  human  liver 
which  had  been  expofed  to  the  air  for  feveral  years, 
and  had  loft  its  volatile  parts  by  putrefadlion.  The 
afliduous  refearches  of  the  fame  philofopher  into  the 
animal  ceconomy,  have  detected  the  fame  fubflance,  in 
a faponaceous  form,  in  bodies  which  had  been  many 
years  buried  under  ground. 

Thegaftricfluid.  A confiderable  number  of  chemifts  have  examined 
the  properties  of  the  fluid  which  appears  to  be  the 
menftruum  of  digeftion  in  the  ftomachs  of  animals. 
It  is  certain  that  in  this  procefs  the  aliments  become 
converted  into  a foft  or  pulpy  mafs,  moft  probably  by 
the  adlion  of  a folvent,  aflifted  by  their  own  tendency 

T Fourcroy,  in  the  Annales  before  cited,  iii.  120. 
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fpontaneous  decompofition,  at  the  temperature  o£  animal 
te  body  of  tlie  animal.  The  gaftric  juice  procured  FI'U1DS>'  ^ 
cm  the  ftomachs  of  animals  which  have  been  kept  The  gaftric  fluid, 
.ffing  for  a conflderable  time,  appears  to  differ  ac- 
ording  to  their  refpedfive  natures.  It  is  thought  to 
affefs  a folvent  power  upon  animal  and  vegetable 
ubftances,  without  any  preference  of  affinity;  but 
: lis  tail  circumftance  is  fcarcely  probable.  A power- 
:d  antifeptic  quality  is  reckoned  among  its  attributes; 
at  there  are  fome  reafons  to  think  that  in  graminivo- 
: >us  animals  it  has  the  contrary  effedt.  In  thefe  laft, 
ff:  tore  efpecially,  it  contains  a difengaged  acid,  which 
ems  to  be  the  phofphoric.  And  upon  the  whole,  it 
ppears  that  accurate  and  deciflve  experiments  are  ftill 
anting,,  to  determine  the  nature  of  this  compounded 
rid  variable  fluid,  which  is  of  fuch  important  ufe  in 
ue  animal  ceconomy. 

Of  the  acids  which  are  confidered  as  belonging  Acid  of  ants, 
r.ore  efpecially  to  the  animal  kingdom,  we  have 
'.ready  attended  to  thofe  afforded  by  milk,  by  fat, 

\y  the  ffone  of  the  bladder,  by  filk  worms,  and  by 
ue  calcination  of  blood  with  an  alkali,  in  the  prepa- 
Ltion  of  Pruffian  blue  ; it  therefore  remains  only  for 
3 to  give  an  account  of  the  acid  which,  is  afforded  by 
its.  Thefe  animals  appear  to  contain  a peculiar 
:id,  in  a veffel  placed  near  the  hinder  part  of  their 
odies  #,  which  they  ejedt  when  enraged;  or  moiften 
aeir  fangs  with  it,  to  render  their  bite  more  painful, 
he  acid  may  be  obtained  by  diffillation  of  the  ants 

* Wiegleb’s  Chemiftry,  by  Hopfon,  p.  19 1.  On  this  acid, 
nfult  the  authors  there  referred  to;  arid  alfo  Fontana,  in.  the 
mrnal  de  Phyfiquc  for  1778,  part  ii.  e * 

with 


524 


ACID  OF  ANTS. 


ANIMAT. 

FLUIDS. 


of  ants. 


with  water,  and  fubfequent  preflure  of  the  refidue ; 
or  the  ants  may  be  tied  up  in  a bag,  and  twice  in- 
fufed  in  hot;  water  •,  from  which  infufion  as  much 
acid  may  be  diftilled  off  as  can  be  had  without  burn- 
ing the  refidue.  It  may  be  purified  by  faturating  it 
with  alkali,  filtrating,  and  evaporating  part  of  the  li- 
quor, and  diftilling  it  with  half  its  weight  of  vitriolic 
acid  : or,  more  conveniently,  the  rectified  acid  may 
be  expofed  to  the  aCtion  of  a freezing  atmofphere, 
which  congeals  its  aqueous  part.  This  acid  has  a 
confiderable  refemblance  to  vinegar  when  it  is  diluted. 
It  adds  upon,  and  combines  with,  alkalis,  folublc 
earths,  and  metals,  and  forms  peculiar  compounds ; 
from  which,  as  well  as  the  order  of  its  elective  at- 
tractions, its  title y to  be  confidered  as  a diftinCt  or 
peculiar  acid  is  eilablifhed. 

DellruCtive  dill  illation  converts  it,  like  the  vegetable 
acids,  into  fixed  air  and  inflammable  air. 
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TABLE  I.  contains  a feries  of  numbers,  exprefl-  account 
ing  the  comparative  heats  of  bodies.  It  is  co-  tables. 

pied  from  Crawford’s  Experiments  and  Obfervations  v v— 

on  Animal  Heat,  and  the  Inflammation  of  Combuftible  pa*!^v°fb“£ 
Bodies:  London,  1788.  The  principles  on  which  this 
Table  is  formed,  have  been  explained  in  page  14  of 
our  Work,  and  elfe where.  Nothing  more  need  there- 
fore be  (aid,  than  that  the  numbers  are  here  reduced 
to  one  common  ftandard  of  compavifon,  water  being 
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Table  of 
weights. 


Table  of  fpecifk 
gravities. 


affirmed  as  unity.  As  thefe  numbers  are  deduced  from 
the  .thermometrical  changes  undergone  by  the  feveral 
bodies  in  like  fituations,  it  is  clear  that  they  are  of  ufe 
to  indicate  thofe  changes,  for  they  will  be  inverfely  a9 
the  numbers  themfelves. 

TABLE  II.  contains  the  weights  of  different  coun- 
tries, compared  in  French  and  Englifh  grains.  The 
value  of  this  Table  is  obvious,  and  its  character  may 
be  feen  at  page  70. 

TABLE  III.  exhibits  the  fpecific  gravities  of  bo- 
dies. In  compiling  this,  I had  Brifl'on’s  Table  at  the 
end  of  Lavoifier’s  Traite  Elementaire  de  Chimie,  and 
Mufchenbroek’s  large  Table  in  his  Cours  de  Phyfique, 
before  me.  Some  few  fpeciffc  gravities-  are  from 
other  authors,  or  from  experiment.  It  appeared  ufe- 
lefs  to  carry  it  to  more  than  four  places  of  figures,  as 
the  temperatures  were  not  noted,  and  the  various 
fpecimens  of  the  fame  fubftance  often  differ  in  the 
third  figure.  Thefe  aflertions  may  be  thought  to  re- 
quire proof : for  which  reafon  I (hall  obferve,  that  by 
experiment  1 find  that  the  fifth  figure  changes  at  every 
three  degrees  of  Fahrenheit’s  thermometer  *,  that  lead, 
tin,  and  probably  all  other  metals  call  out  of  the  fame 
fufion,  vary  in  their  fpecific  gravities  in  the  third 
figure,  from  circumflances  not  yet  determined,  but 
molt  likely  from  the  cooling,  as  is  feen  in  the  harden- 
ing of  fteel  *,  that  falts,  and  other  artificial  prepara- 
tions, retain  more  or  lefs  of  the  folvent  they  were 
feparated  from,  according  to  the  temperature  at  which 
it  was  effeffed  •,  and  that  all  parts  of  organized  lub- 
ftances  not  only  differ  according  to  the  place  of  their 
production,  their  age,  and  other  circumffances,  but 
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ilkewife  from  their  drynefs,  moifture,  and  manner  account 
of  prefervation. 

TABLE  IV.  is  taken  from  the  feventh  Table  of 
M.  Lavoifier’s  Traite  Elementaire.  I have  in  another  1 ab!e. of  fPeci6c 

gravities  of 

place  * mentioned  the  ftrong  objedtions  which  may  aerial  fluids* 
be  urged  againft  the  luppofed  or  implied  accuracy  of 
thefe  weights,  taken  to  fo  many  places  of  figures. 

In  that  place,  as  the  object  of  attention  was  of  a con- 
troverfial  nature,  it  was  proper  to  fpeak  far  within 
compafs  ; but  on  the  prefent  occafion  I muft  obferve, 
that  the  molt  accurate  practical  chemifts  would  confi- 
der  a true  determination  of  the  fpecific  gravities  of 
aerial  fluids  to  three,  or  even  two  places  of  figures,  as 
a great  and  valuable  acquisition ; and  though  I regard 
this  Table  as  the  bed  v/e  poflefs,  yet  in  every  inftance 
I doubt  the  accuracy  of  the  third  decimal,  and  in  molt 
of  them  the  fecond.  The  column  of  Englifh  grains 
is  fubftituted  inftead  of  the  weight  of  a cubic  foot 
French,  which  occupies  that  place  in  the  original. 

TABLE  V.  is  taken  from  an  excellent  Paper  of  Table  of  expan- 
Morveau,  in  the  firft  volume  of  the  Annales  de  Chimie. 

The  experiments  were  made  by  M.  Prieur  du  Vernois 
upon  the  quantity  of  about  15^  cubic  inches  French, 
under  the  prefiure  of  about  27  'French  inches  of  mer- 
cury, which  anfwer  to  near  28  Englifh.  The  manner 
in  which  this  inveltigation  was  conducted,  does  great 
credit  to  both  the  philofophers  who  were  concerned 
in  it ; and  the  Eflay  itfelf,  of  which  this  Table  is  the 
refult,  is  highly  deferving  of  the  attention  of  thofe 
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ftudents  who  wifli  to  know  the  precautions  required 
in  thefe  delicate  experiments,  as  well  as  of  the  Uriel 
enquirer  who  may  be  defirous  of  knowing  how  far  he 
may  depend  on  the  Table  itfelf. 

TABLES  VI.  to  XI.  contain  in  fubftance  the  two 
Tables  of  Attracliones  Eledfivte  Simplices  which  are 
placed  at  the  end  of  Bergman’s  Treatife  on  Elec- 
tive Attractions,  inferted  in  the  third  volume  of 
his / Opufcula,  and  of  which  we  have  had  a fepa- 
rate  trariflation  into  Englifh.  They  have  been  fmee 
copied  into  a variety  of  works,  and  in  mod  with 
amendments,  I have  not  however  ventured  to 
make  any  alteration,  except  fuch  as  tended  to  facili- 
tate the  infertion  of  them  in  the  regular  pages  of  the 
book,  inftead  of  adopting  the  much  lefs  convenient 
mode  of  printing  on  a large  fheet  to  be  folded  out* 
Hence  it  is  the  arrangement  of  the  columns  only 
which  is  altered,  and  repetitions  avoided  ; except  that 
in  Table  VIII.  there  is  a notice  that  the  perlate  acid, 
vital  air,  the  matter  of  heat,  and  fiderite,  are  left  out ; 
the  reafons  for  which  need  not  be  repeated  here. 
Two  inducements  rendered  it  mod  eligible  to  retain 
the  Tables,  in  other  refpe&s,  the  fame  as  Bergman  left 
them;  The  one  was,  that  they  might  continue  to  be 
Bergman’s  Tables;  and  the  other  was,  that,  if  I had 
been  prepared  for  the  arduous  talk  of  compofmg  new 
Tables,  it  would  have  been  incumbent  on  me  to  have 
fully  Bated  my  reafons  for  the  arrangements  I might 
have  adopted  ; which  would  have  been  incompatible 
with  ,the  limits  of  an  Elementary  Treatife. 

With  regard  to  thefe  Tables,  after  earneftly  re- 
commending the  ftudent  to  perufe  the  work  from 
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which  they  are  extracted,  it  may  be  obferved,  that  account 

the  fubftances  at  the  heads  of  the  columns  are  con-  0F 

tables. 

fidered  as  fimple,  with  regard  to  the  faCts  enumerated  v j 

an  thefe  (ketches,  and  fo  likewife  are  the  fubftances  in-  Ele(ftlvc  aUrac~ 
ferted  in  the  columns.  The  order  of  polition  denotes 
that  the  higher  any  fubftance  Hands  in  any  column, 
the  ftronger  is  its  elective  attraction  to  the  fubftance 
at  the  head  of  that  column.  The  under  part  of  each 
Table  exhibits  the  attractions  in  the  dry  way,  and 
mult  be  confidered  as  entirely  diftinCt  from  the  upper 
part.  The  horizontal  lines  between  the  fubftances  in 
the  columns  denote  that  their  pofitions,  or  comparative 
powers  of  attraction,  are  well  determined;  and,  when- 
ever thefe  lines  are  wanting,  the  pofitions  are  more  or 
lefs  qpnjectural.  Hence  it  may  be  feen  how  much 
remained  to  be  done  at  the  time  the  great  Bergman 
conftruCted  thefe  Tables. 

TABLE  XII.  exhibits  an  approximation  towards 
expreffing  the  powers  of  elective  attraction  between 
bodies  generally  applied.  It  is  evident  that  the  # 

Tables  of  fimple  elective  attraction  exprefs  only 
the  order  in  which  the  feveral  enumerated  fubftances 
furpafs  each  other  in  power  to  adhere  to  the  common 
fubftance  at  the  head  of  each  column ; and  do  not 
by  any  means  Ihew  what  will  happen  when  a com- 
pound of  two  principles  is  applied  to  another  com- 
pound alfo  containing  two  principles,  as  in  the  cafes 
called  double  eleCtive  attraction.  We  cannot,  in 
faCt,  decide  in  circumftances  of  this  nature,  unlefs  we 
are  previoufly  acquainted  with  the  fum  of  the  two 
attractions  which  tend  to  preferve  the  original  com- 
binations, and  are  on  that  account  very  expreftively 
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account  denominated  by  Mr.  Kirwan  quiefcent  attractions  j 
and  alfo  with  the  fum  of  the  o-ther  two  attra&ions 
which  tend  ter  form  new  combinations,  and  are  by 
the  fame  ehemift  called  the  divellent  attractions. 
Thus,  for  example,  if  vitriolated  tartar,  or  the  com- 
pound of  vegetable  alkali  and  vitriolic  acid,  be  pre- 
fented  to  the  marine  fait  of  lime,  we  cannot  foretel 
the  confequence  from  any  fimple  Tables,  becaufe 
thefe  will  not  fhew  whether-  the  fum  of  the  powers 
which  tend  to  preferve  the  union  of  the  alkali  and 
vitriolic  acid,  and  alfo  of  the  lime  and  marine  acid, 
be  in  fa£t  greater  or  lefs  than  thofe  by  which  the 
alkali  tends  to  combine  with  the  marine,  and  the  lime 
with  the  vitriolic  acid,  and  form  the  new  compound 
of  fait  of  fylyius  and  felenite.  Henee  we  fee  the 
great  advantage  which  the  fcience  of  chemiltry  would 
derive  from  an  extenfwe  numerical  Table  founded  on 
experiments  of  the  nature  of  that  now  before  us. 
For,  in  the  prefent  inilance,  we  find  from  the  Tabley 
that  the  vegetable  alkali  and  vitriolic  acid  adhere  witlx 
a power  exprefled  by  the  number  62  ; while  the  lime 
and  marine  acid  adhere  with  a power  denoted  by  20. 
Thefe  are  the  quiefcent  affinities,  and  their  fum  is  82. 
On  the  other  hand,  by  the  fame  Table,  we  find  that 
the  attract  ion  between  vitriolic  acid  and  lime  is  54 
and  between  vegetable  alkali  and  marine  acid  32. 
Thefe  are  the  divellent  affinities,  and  their  fum  is  86. 
The  latter  muft  therefore  prevail  j that  is,  the  combi- 
nations will  be  changed  by  the  vitriolic  acid  melting. 

with  the  lime,  and  forming  felenite ; while  the  marine' 

• 

acid  combines  with  the  Vegetable  alkali,  and  forms- 
fait  of  fylvius. 
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TABLE  XIII.  fhews  the  proportion  of  ingredients,  account 
in  earths  and  ftones.  It  is  taken  from  Kirwan’s  Mi- 

tables. 

neralogy.  The  extenfive  and  indefatigable  refearches  i . j 
of  this  author  into  all  the  fources  of  chemical  infor- Jabie  .of  u’s/e“ 
mation,  and  the  numerous  additions  he  has  himfelf and  ftones. 
made  to  the  fcience,  have  enabled  him  to  render  this 
Table  more  perfeCt  than  any  which  is  elfewhere  to  be 
met  with.  Much  however  remains  ftill  to  be  done,  in 
every  part  of  it,  before  we  can  depend  on  its  accuracy 
throughout  j and  we  hope  the  author  will  add  the 
labour  of  perfecting  it,  to  the  other  advantages  which 
the  feientific  world  has  derived  from  his  exertions. 
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TABLE  I.  The  Comparative  Heats  of  dif- 
ferent Bodies. 


Inflammable  air  

Dephlogifticated  air  — 

,Atmofpherical  air  — 

Aqueous  vapour  — ...  . 

Fixed  air  — , . 

Arterial  blood  

Water  

Frefh  milk  of  a cow 

Venous  blood  

Phlogifticated  air  

Hide  of  an  ox,  with  the  hair 
Lungs  of  a fheep  — 

Lean  of  £he  beef  of  an  ox 

Alcohol  — 

Rice  

Horfe  beans  — - — 

Spermaceti  oil  — < — 

Dull  of  the  pine  tree  — 

Peas  

Wheat  — - 

Barley  — — 

Oats  

Vitriolic  acid  

Pitcoal  ■■■■ 

Charcoal  — 

Chalk  

Ruft  of  Iron  


Walhed  diaphoretic  antimony  

Calx  of  copper,  nearly  freed  from  air  

Quicklime  - ■ ■ » 

Cinders  

Allies  of  cinders  — 

Ruft  of  iron,  nearly  freed  from  air  

Wafhed  diaphoretic  antimony,  nearly  freed  from  air 

Allies  of  the  elm-tree  ■ — 

Calx  of  zinc,  nearly  freed  from  air  

l ron  ! — - 

Brafv  ■■■  — — 

Copper  

White  calx  of  tin,  nearly  freed  from  air  

Regulus  of  zinc  — 

Allies  of  charcoal  

Tin 


Yellow  calx  of  lead,  nearly  freed  from  air 
Regulus  of  antimony 


21.4000 
4.7490 
1.7900 
1.5500 
1.0454 
1.0300 
1. 0000 

•9999 

.8928 

•793  6 
.7870 
.7690 
.7400 
.6021 
.5060 
.5020 
.5000 
.5000 
.4920 
•4770 
.4210 
.4160 
.4290 
•2777 
.2631 
.2564 
.2500 
.227a 
.2272 
.2229 

•1923 

.1855 
.1666 
.1666 
.1402 
.1369 
.1269 
.1123 
.1111 
.0990 
.0943 
.0909 
1 .0704 
.o68» 
.0645 
.0352 
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TABLE  II.  The  Weights  of  different  Countries. 


Place  and  Denomination  of  Weight. 


Marc  oi.  gros. grains.  F. grains.  E.  grains. 


Berlin,  The  maj-c  of  16  loths  — — 

Berne.  Goldfmiths  weight  of  8 ounces  

Berne.  Pound  of  1 6 ounces,  for  merchandife  — 
The  common  pound  varies  very  confiderably  in 
other  towns  of  the  Canton. 

Berne.  Apothecaries  weight  of  8 ounces  — 

Bonn.  ■> 

Bruffels.  The  marc,  or  original  troyes  weight  — 

Cologn.  The  marc  of  16  loths  — 

Conftantihople.  The  cheki,  or  joo  drachms  • — 
Copenhagen.  Goldfmiths  weight,  commonly  ) 
fuppofed  equal  to  the  marc  of  Cologn  — y 
Copenhagen.  Merchants  weight  of  16  loths  — 
Dantzick.  Weight  commonly  fuppofed  equal  to  £ 
the  marc  of  Cologn  — — y 

Florence.  The  pound  (anciently  ufed  by  the  Romans) 

Genoa.  The  pefo  fottile  — 

Genoa.  The  pefo  groffo  — — 

Hamburgh.  Weight ; commonly  fuppofed  equal  } 

- to  the  Cologn  marc  — — y 

Hamburgh.  Another  weight  — — — 

Liege.  The  Bruffels  marc  ufed  ; but  the  wt.  proved 

Lifbon.  The  marc,  or  half  pound  

London.  The  pound  troy  — — 

London.  The  pound  avoirdupoife  

Lucca.  The  pound  

Ma'drid.  The  marc  royal  of  Caftile  — 

Malta.  The  pound  

Manheim.  (The  Cologn  marc).  

Milan.  The  marc  — — — 

Milan.  The  libra  groffa 

Munich  (The  Cologn  mape)  — • — 

Naples.  The  pound  of  1.2  ounces  — — 

Ratifbon.  The  weight  for  gold;  of  128  crowns 
Ratifbon.  The  weight  for  ducats ; of  64  ducats 
Ratifbon.  Ti  e marc  ol  8 ounces  — ~ 

Ratifbon.  The  pound  of  16  ounces  — 

Rome.  The  pound  of  12  ounces  

Stockholm.  The  pound  of  2 marcs  

Stuttgard.  (The  Cologn  marc)  — — 

Turin.  The  marc  of  8 ounces  — 

At  Turin  they  have  alfo  a pound  of  12  of  tffe 
above  opnees.  But,  in  their  apothecaries  pound 
of  12  ounces,  the  ounce  is  one  fixth  lighter. 

Warfaw,  The  pound  

Venice.  The  libra  groffa  of  iz  ounces  

Venice.  The  pefo  fottile  of  12  ounces  — — 

In  the  towns  dependant  on  Venice,  the  pound 
differs  confidei ably  in  each. 

Vienna.  The  marc  of  commerce  

Vienna.  The  marc  of  money  — — 

France.  The  grain  t 

England.  The  grain  


7 

5 

16 

4408 

3616.3 

I 

— 

i 

4 

• 4648 

1813.2 

2 

1 

i 

6 

9834 

8067.7 

7 

5 i 

26 

4454 

3654. 

— 

7 

5 

bt 

43°8| 

3608.6 

I 

— 

— 

2 X 

4629 

3797.6 

— 

7 

5 

1 1 

44°3 

3612.2 

I 

2 

3 

28 

6004 

4925.6 

— 

7 

si 

__ 1 
IO; 

443g3 

3641.2 

I 

— 

1 

22\ 

47025 

3857-9 

— 

7 

5 

35 

43951 

3606. 

I 

3 

i 

20 

6392 

5244. 

I 

2 

25 

3° 

5970 

4?97-7 

I 

2 

3 

5 

5981 

4906.7 

— 

7 

5 

/ 4 

4399! 

3609.4 

— 

7 

7 

23 

4559 

3"4°-2 

I 

— 

— 

24 

4632 

3800. 1 

— 

7 

35 

34 

43i8 

3542-4 

I 

4 

*5 

1 

7021 

576o. 

I 

6 

65 

6 

8538 

7004.5 

I 

3 

— 

23  a 

6359a 

5217. 

— 

7 

4 

8 

4328 

355°-7 

I 

2 

25 

21 

596  r 

4890.4 

■ — 

7 

5 

10,1 

44°2a 

3611.5 

— 

7 

5 

33 

4425 

3630.2 

3 

— 

7 h 

— 

14364 

11784. 

— 

7 

5 

44°3l 

3612.3 

1 

2 

35 

27 

6039 

4954-3 

1 

s 

24 

8088 

6635.3 

— 

7 

2 

32 

4208 

3452-3 

1 

— 

24 

4632 

3800.1 

2 

2 

45 

6 

10698 

8776.5 

1 

3 

14 

6;  86 

5239- 

1 

5 

7 

8 

8000 

6563.1 

— 

7 

5 

44031 

3612.6 

X 

22^ 

463°i 

3799- 

1 

5 

2 

T2 

7644 

6271- 

1 

7 

4! 

2Sl 

8989! 

7374-5 

X 

i 

61 

24 

5676 

4656.5 

I 

X 

1 

l6 

5272 

4325- 

I 

1 

1 

26 

5282 

4333-3 

, 



— 

— 

i. 

1.21895; 

— 

— 

— 

— 

0.82039 

1. 
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TABLE  III.  The  Specific  Gravities  of 

Bodies. 


Pure  gold  cad  

hammered 

Standard  gold  call 

hammered 

Pure  filver  call  — 


♦  hammered  — 

Standard  filver  in  coin  — 
Crude  platina  in  grains 
Platina  purified  and  fufed 

hammered  — 

drawn  into  wire 

•  laminated-  

Mercury  — . 

, Lead  fufed  — — 

Copper  fufed  • 

drawn  into  wire 

Brafs  call  — 

in  wire  

Iron  call  — 

■ bar  — 

Steel,  foftand  nothammered 

hardened  

Tin,  English,  fufed  

hammered  

Malacca  tin  fufed  

hammered 


Bifmuth  — 

Nickel  — 

Arfenic,  the  regulus  — 

Cobalt  — 

Zinc  

Antianony  — 

Manganefe  — — 

Wolfram  — — , — 

Diamond  — 

Ruby  — 


fpinell  • — • — 

Topaz,  oriental  

Brazilian 

Saxon  — — 

Sapphire,  oriental  — 

Emerald  — 

Adamantine  fpar  

Jargon  of  Ceylon  

Rock  cryllal  from  Mada- 

gafcar  — 

Quartz  

Agate  — ■< 


19258 

19362 

17486 

1 7S  - 9 
10474 
1051 1 
10391 
15602 
19500 
20337 
21042 
22069 
13568 

1 J352 
7788 

8878 
8396 
8544 
7207 
7788 
7840 
7816 
7291 
7299 
7296 
73  06 
98'3 
8660 

5-6? 

781 2 
7191 
67c 2 
6850 
17600 


40  j 1 
3 53<> 

3 564 
3994 
2775 
4180 
4615 

26-3 
2654 
2590  I 


1 

1 

* 

>*» 

c: 

C 

2637 

Mulcovy  talc  — — 

2791 

Common  Hate  — — 

2672 

Calcareous  fpar  

2715 

Alaballer  — , 

273° 

White  marble  

27 1 6 

Lime  Hones  from  

13^6 

2390 

Ponderous  fpar  

4474 

Fluor  fpar  — — 

3 180 

Pumice  (lone  — - — 

914 

Green  glafs  — — 

2620 

Englifh  crown  glafs  

25  0 

White  flint  glafs,  Englifh 

329° 

Another  piece  — — 

3216 

White  flint  glafs,  for  achro- 

mafic  ufes  

3437 

White  glafs,  French  — 

2892 

Glafs  of  S.  Gobin  — 

2488 

Brimllone  — 

199* 

Phofphorus  — — 

1714 

Yellow  amber  

1078 

Diddled  water  

1000 

Sea  water  — 

1026 

Common  fpirit  of  wine 

837 

Spiritof  wine,  the  purell  which 

can  be  had  by  mere  didillation  8?o 

Vitriolic  ether  — — 

739 

Nitrous  — 

9°9 

Marine  

730 

Acetous  — * — 

866 

Concentrated  vitriolic  acid 

2I2J 

nitrous  acid 

1580 

marine  acid 

1194 

Fluor  acid  — 

I COO 

Oil  of  olives  

915 

— of  fweet  almonds  — 

9*7 

Linfeed  oil  — — 

94® 

Naptha  — — 

708 

Gum  elaflic  — — 

933 

Camphor  — 

989 

Yellow  wax  — 

965 

White  Do.  — ‘ — 

969 

Spermaceti  — — 

943 

Tallow  

942 

Heart  of  oak 

1170 

Cork 

240 

Egg  new  laid  — 

1081 

M m 4 
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1 ABLE  IV.  The  Specific  Gravities  of  Aerial 
Subftances;  the  Barometer  (landing  at  30  Inches, 
and  the  Thermometer  at  + 55°** 


Names  of 
Aerial  Subftances. 

Weight  of  one  cubic 
Inch. 

French.  Englifh. 

From  the  Expe- 
riments of 

Atmpfpheric  air 

French 

grains. 

0.46005 

Englifh 

grains. 

0.45689 

M.  Lavoifier. 

Phlogifticated  air 

0-44444 

0.44139 

The  fame. 

Vi tal  air 

0.50694 

P.50346 

The  fame. 

Inflammable  air 

0-03539 

0 03315 

The  fame. 

Fixed  air 

0.68985 

0.685 1 r 

The  fame. 

Nitrous  air 

0.54690 

o-543  H 

M.  Kirwan. 

Alkaline  air 

0.27488^ 

0.27299 

The  fame. 

Vitriolic  air 

1.03820 

1.03 109 

The  fame. 

* Stri&ly  the  numbers  are  29.84  inches  and  54.5  degrees;  anfwering  to  2$ 
French  inches,  and  10  deg.  of  Reaumur. 

TABLE  V.  The  Expanfions  of  Aerial  Sub- 
fiances  by  Heat,  from  the  Freezing  to  the  Boiling 
Points  of  Water.  For  every  Interval  of  io°  of 
Reaumur’s,  or  450  of  Fahrenheit’s  Thermometer, 


Names. 

From 
3 20  to  77° 

From 

770  to  122° 

From 

I22°tOl670 

From 

l67°t02t2° 

Total 

From 

3 2°  to  212° 

Common  air 

T2-<TT 

I 

5.3  1 

1 

Ct.L] 

T-o"5T 

Vital  air 

I 

2i.il 

I 

T-VZ 

X 

t-TT 

[3+t.ti] 

4 + t.iv 

Phlogift.  air 

I 

xV.ZT 

1 

T.4T 

1 

T*  8 2T 

[5  +rf  H 

5 + r-'oyi 

Inflam,  air 

X 

TT.VT 

1 

1 

Nitrous  air 

1 

xr.oiy 

7T7V 

Ltt] 

1 

T.yy 

Fixed  air 

uWv 

1 

5 • 0 w 

I 

J7T 

Cy.75] 

1 + TffV.T 

Alkaline  air 

X 

?.TT 

I 

T.y? 

1 + T.  JT  l[3  + 

5 + t-tVst 

***  "4'he  numbers  between  brackets  are  uncertain. 
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TABLE  VII.  Simple  Ele&ive  Attractions. 


ALKALIS  AND  EARTHS. 


IN  THE  HUMID  WAY. 

Veg.  Alkali 

Min.Alkali 

Clay. 

i Lime. 

Barytes. 

Magnesia. 

Vitriolic  acid 

1 his  alkali 
agrees  with  the 
vegetable  in  the 
order  of  its  at- 

Vitriolic  acid 

A.  of  fugar 

Vitriolic  acid 

Acid  of  fugar 

Nitrous  acid 

Nitrous  a. 

Vitriolic  a. 

A.  of  fugar 

Phofphor.  a. 

Marine  acid 

Marine  a. 

A.  of  tartar 

A.  of  amber 

Vitriolic  acid 

Acid  of  fat 

A.  of  fugar 

A.  of  amber 

A.  of  fpar 

A.  of  fpar 

Acid  of  fpar 

tra£tioqs,bothin 

Arfenical  a. 

Phofphor.  a. 

Phofphor.  a. 

A.  of  fat 

Phofphor.  acid 

the  humid  and 

Sparry  a. 

A.  of  f.  of  milk 

A.  of  f.  of  milk 

A.  of  arfenic 

A.  of  fugar 
A.  of  tartar 
A.  of  arfenic 
A.  of  amber 

the  dry  way. 

A.  of  fat 
A.  of  tartar 
A.  of  amber 
A.  of  f.  of  milk 

Nitrous  acid 
Marine  acid 
A-  of  fat 
A.  of  fpar 

Nitrous  acid 
Marine  acid 
A.  of  fat 
A.  of  lemon 

A.  of  f.  of  milk 
A.  of  amber 
Nitrous  acid 
Marine  acid 

A.  ol  lemon 

A.  of  lemon 

A.  of  arfenic 

A.  of  tartar 

A.  of  tartar 

A.  of  ants 
A.  of  milk 

VoL.Ar.KALr. 

Phofphor.  a. 

A.  of  ants  x 

A.  of  ants 

\ 

A.  of  milk 

A.  of  arfenic 
A.  ot  ants 

A.  of  lemon 
A.  of  ants 

A.  of  benzoin 

This  alkali 

A.  of  milk 

A.  of  lemons 

A.  of  milk 

A.  of  milk 

Acetous  acid 

agrees  with  the 

A.  of  benzoin 

A.  of  benzoin 

A.  of  benzoin 

A.  of  benzoin 

A.  of  f.  of  milk 

yegetable  in  the 

Acetous  acid 

Acetous  acid 

Acetous  acid 

Acetous  acid 

Acid  of  borax 

order  of  its  at- 

A.  of  borax 

Acid  of  borax 

Acid  of  borax 

A.  of  borax 

Vol.  vitr.  a. 

tractions, both  in 

Vol.  vitr.  a. 

Vol.  vitr.  a. 

Vol.  vitr.  a. 

Vol.  vitr.  a. 

Fuming  nitr.  a 

the  humid  and 
dry  way  : hut 

mere  heat  ex- 
pels it  from  the 
acids  of  phof- 
phorus,  borax, 
and  arfenic. 

Fum.  nitr.  a. 

Fum.  nitr.  a. 

Fum.  nitr.  a. 

Fum.  nitr.  a. 

Fixed  air 

Fixed  air 

Fixed  air 

Fixed  air 

Fixed  air 

Prullian  acid 
Water 
Fat  oils 
Sulphur 
Met.  calces 

Pru Ilian  acid 
IN  THE  D 

Prullian  a. 
Water 
Fat  oil? 
Sulphur 

RY  WAY. 

PrulFian  a. 
Water 
Fat  oils 
Sulphur 

Prufiian  a. 
Sulphur 

Phofphor.  acid 
A.  of  borax 
A.  of  arfenic 

Silex. 

In  the  Humid 
Wav. 

Phofphor.  acid 
A.  of  borax 
A.  of  arfenic 

Phofphor.  acid 
A.  of  borax 
A.  of  arfenic 

Phofphor.  acid 
A.  of  borax 
A.  of  arfenic 

Phofphor.  acid 
A.  of  borax 
A.  of  arfenic 

Vitriolic  acid 

Vitriolic  acid 

Vitriolic  acid 

Vitriolic  acid 

Vitriolic  acid 

N itrous  acid 

Nitrous  acid 

A.  of  amber 

A.  of  amber 

A.  of  fpar 

Marine  acid 

A.  of  fpar 

Marine  acid 

Nitrous  acid 

Acid  of  fpar 

A.  of  fat 

A.  of  fat 
A of  fpar 

Veg.  alkali 

A.  of  fpar 
A.  of  fat 

Marine  acid 
A.  of  fat 

Nitrous  acid 
Marine  acid 

A.  of  amber 
Nitrous  acid 

A.  of  amber 

IntheDKYWAV 

A.  of  amber 

A.  of  fpar 

A.  of  fat 

Marine  acid 

A.  of  ants 

Fixed  alkali 

A.  ot  ants 

A.  of  ants 

A.  of  ants 

A.  of  ants 

A.  of  milk 

Phofphor.  acid 

A.  of  milk 

A.  of  milk 

A.  of  milk 

A.  of  milk 

A.  of  benzoin 

Calx  of  lead 

A.  of  benzoin 

A.  of  benzoin 

A.  of  benzoin 

A.  of  benzoin 

Acetous  acid 

Acetous  acid 

Acetous  acid 

Acetous  acid 

A cetous  acid 

Barytes 

Lime 

Magnefia 

Clay 

Silex 

Sulphur 

Fixed  alkali 
Sulphur 
Calx  of  lead 

Fixed  alkali 
Sulphur 
Calx  of  lead 

Fixed  alkali 
Sulphur 
Calx  of  lead 

Fixed  alkali 
Sulphur 
Calx  of  lead 
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TABLE  VIII.  Simple  Ele&ive  Attractions. 
COMBUSTIBLE  SUBSTANCES  AND  WATER. 


IN  THE  HUMID  WAY. 

r. 

Wat  e r. 

Sulphur. 

Saline  Liver 
of  Sulphur. 

ArdintSfirit 

Eth  e r. 

Veg.  alkali 
Min.  alkali 
Vol.  alkali 
Ardent  fpirit 

Calx  of  lead 
C.  of  tin 
C.  of  liiver 
C.  ot  mercury  • 

Calx  of  gold 
C.  of  liiver 
C.  of  mercury 
C,  of  arfenic 

Water 

Ether 

Effential  oils 
Volatile  alkali 

Ardent  fpirit 
Effential  oils 
Exprelfed  oils 
Water 

Mild  vol.  alk. 
Glauber’s  la.lt 

C.  of  arfenic 
C.  of  antimony 

C.  of  antimony 
C.  of  bifmuth 

Fixed  alkali 
Saline  hepar 

Sulphur 

Ether 

C.  of  iron 
Veg.  alkali 
Vol.  alkali 

C.  of  copper 
C.  of  tin 
C.  of  lead 

Sulphur 

Barytes 

Lime 

Magnefia 

C.  of  nickel 
C.  of  cobalt 
C.  of  manganefe 
C.  of  iron 

Expr  essed  Oil 

Essential  Oil 

Vitriolic  acid 

Ether 

Effential  oils 
Fixed  alkalis 
Vol.  alkali 
Sulphur 

Ether 

Ardent  fpirit 
Fat  oils 
Fixed  alkalis 
Suiphur 

Vitriolated  tartar 
Alum 

Martial  vitriol 
Corrof.  fublimate 

Fat  oils 
EflTential  oils 
Ether 

Ardent  fpirit 

Ardent  fpirit 
Water 

IN  THE  DRY  WAY. 

1 

• 

Fixed  alkali 

Iron 

Copper 

Tin 

Lead 

Silver 

Cobalt 

Nickel 

Bifmuth 

Antimony 

Mercury 

Arfenic 

Manganefe 

Iron 

Copper 

Tin 

Lead 

Silver 

Gold 

Antimony 

Cobalt 

Nickel 

Bifmuth 

Mercury 

Arfenic 

' 

> 

Four  of  the  columns  in  the  original  tables  of  Bergman  are  omitted  in  thcfe,  viz. 
•The  pet  late  acid  ; for  which  fee  page  209. 

Vital  air,  which  is  fuppofed  to  have  an  affinity  to  phlogifton  only. 

The  matter  of  heat;  for  which  fee  pages  6.  21. 

The  fcmimetal  ftderite ; for  which  fee  page  3 13, 
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TABLE  IX.  Simple  Ele£tive  Attractions* 

PHLOGISTON  AND  METALS. 


IN  THE  HUMID  WAY. 

Phlogiston 

Calx  of  Gold 

C.  ofSilver 

C.  of  Platina 

C.  or  Mer- 
cury. 

C.  or  Lead, 

Nitrous  acid 

Ether 

Marine  acid 

Ether 

Acid  of  fat 

Vitriolic  acid 

Vitriolic  acid 

Marine  acid 

Acid  of  fat 

Marine  aeid 

Marine  acid 

Acid  of  fat 

Dephl.  marine  a. 

Aqua  regia 

Acid  of  fugar 

Aqua  regia 

Acid  of  fugar 

A.  of  f.  of  milk 

Arfenical  acid 

Nitrous  aeid 

V ltriolic  acid 

Nitrous  acid 

Acid  of  amb.er 

A.  of  fugar 

Phofphor.  acid 

Vitriolic  acid 

A.  of  f.  of  milk  Vitriolic  acid 

Arfenical  acid 

Arfenical  acid 

Arfenical  acid 

Phofphor.  acid 

Arfenical  acid 

Phofphor.  acid 

Acid  of  tartar 

C.  platina 

Sparry  acid 

Nitrous  acid 

Sparry  acid 

Vitriolic  acid 

Phofphor.  acid 

C.  gold 

Acid  of  tartar 

Arfenical  acid 

Acid  of  tartar 

A.  of  f.  of  milk 

Marine  acid 

C.  iilver 

Phofphor.  acid 

Sparry  acid 

Phofphor.  acid 

Acid  of  tartar 

Nitrous  acid 

C.  mercury 

Acid  of  fat 

Acid  of  tartar 

Acid  of  fat 

Acid  of  lemon 

Sparry  acid 

C.  arl'enic 

Pjy.ffi^n  acid 

Acid  of  lemon 

Acid  of  fugar 

Nitrous  acid 

Acid  of  lemons 

C.  antimony 

Acid  of  ants 

Acid  of  lemons 

Sparry  acid 

Acid  of  ants 

C.  bifmuth 

Acid  of  milk 

Acids  of  ants 

Acetous  acid 

Acid  of  milk 

C.  copper 

Acetous  acid 

Acid  of  milk 

Acid  of  borax 

Acetous  acid 

C.  tin 

Acid  of  amber 

Acetous  acid 

Pruffian  acid 

Acid  of  borax 

C.  lead 

Pruffian  acid 

Acid  of  amber 

Fixed  ?ir 

Pruffian  acid 

rC,.  nickel 

Fixed  air 

Fixed  air 

C.  cobalt 

Fixed  alkali 

Fixed  alkali 

C.  manganel'e 

Vol.  alkali 

Vol.  alkali 

C.  iron 

C.  zinc 
Water 

N.  B.  In  the  antiphlogiftic 
theory,  the  column  intitled  Pblo- 
gift'jn  being  taken  in  a reverfed 
order,  will  exprefs  the  eledtive 
attractions  of  Vital  air. 

IN  THE  DRY  WAY. 

Gold.  . 

Silver. 

Platina. 

Mercury. 

Lead. 

C.  of  platina 

Mercury 

Lead 

Arfenic 

Gold  ' 

Gold 

C.  gold 

Copper 

Copper 

Gold 

Silver 

Silver 

Acid  of  arfenic 

Silyer 

Mercury 

Copper 

Platina 

Copper 

C.  filver 

Lead 

Bifmuth 

Tin 

Lead 

Mercury 

C.  mercury 

Bifmuth 

Tin 

Bifmuth 

Tin 

Bifmuth 

C.  arfenic 

Tin 

Gold 

Zinc 

Zinc 

Tin 

C.  antimony 

Antimony 

Antimony 

Antimony 

Bifmuth 

Antimony 

C.  bifmnth 

T / 

I roil 

Iron 

Nickel 

Copper 

Platina 

P.  copper 

Platina 

Manganefe 

Cobalt 

Antimony 

Arfenic 

C.  tin 

Zinc 

Zinc 

Manganefe 

Arfenic 

Zinc 

C.  lead 
C.  nickel 
C.  cobalt 
C.  roanganefc 
C.  iron 
C.  zinc 

Nickel 

Arfenic 

Cobalt 

Manganefe 

Sa.  liv.  of  fulpli. 

Arfenic 

Nickel 

Platina 

S.  1.  of  fulph. 
Sulphur 

Iron 

Lead 

Silver  ( 

Mercury 
S.  1.  of  fulph. 

lion 

S.  1.  fulph. 
Sulphur 

Nickel 

Iron 

S.  1.  fulphur 
Sulphur 
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TABLE  X.  Simple  Ele&ive  Attractions. 


METALLIC  SUBSTANCES. 


IN  THE  HUMID  WAY. 

Calx  of 

Calx  of  Iron. 

1 

Calx  of  Tin. 

Calx  op  Bis- 

Calx  of 

Calx  of 

Copper. 

MUTH. 

Nickel. 

Arsenic. 

Acid  of  fugar 

Acid  of  fugar 

Acid  of  fat 

Acid  of  fugar 

Acid  of  fugar 

Marine  acid 

Add  of  tartar 

Acid  of  tartar 

Acid  of  tartar 

Acid  of  arfenic 

Acid  of  forrel 

Acid  of  fugar 

Marine  acid 

Vitriolic  acid 

Marine  acid 

Acid  of  tartar 

Marine  acid 

Vitriolic  acid 

Vitriolic  acid 

A.  of  f.  of  milk 

Vitriolic  acid 

Phofphor.  acid 

Vitriolic  acid 

Nitrous  acid 

A.  of  f.  of  milk 

Marine  acid 

Acid  of  fugar 

Vitriolic  acid 

Acid  of  tartar 

Acid  of  fat 

Nitrous  acid 

Nitrous  acid 

Arfenical  acid 

Acid  of  fat 

Nitrous  acid 

Acid  of  tartar 

Acid  of  fat 

Acid  of  fat 

Phofphor.  acid 

Marine  acid 

Acid  of  fat 

Phofphor.  acid 

Arfenical  acid 

Phofphor.  acid 

Nitrous  acid 

Nitrous  acid 

Phofphor.  acid. 

Acid  of  forrel 

Phofphor.  acid 

Arfenical  acid 

Acid  of  amber 

Fluor  acid 

Fluor  acid 

Fluor  acid 

Acid  of  amber 

Sparry  acid 

Sparry  acid 

A.  of  f.  of  milk 

A.  of  f.  of  milk 

Sparry  acid 

Acid  of  amber 

A.  of  f.  of  milk 

Acid  of  amber 

Acid  of  amber 

Acid  of  lemon 

Acid  of  lemons 

Acid  of  lemons 

Acid  of  lemon 

Acid  of  lemon 

Acid  of  ants 

Acid  of  ants 

Acid  of  ants 

Acid  of  ants 

Acid  of  ants 

Acid  of  milk 

Acid  of  milk 

Acid  of  milk 

Acid  of  milk 

Acid  of  milk 

Acetous  acid 

Acetous  acid 

Acetous  acid 

Acetous  acid 

Arfenical  acid 

Acid  of  borax 

Acid  of  borax 

Acid  of  borax 

Arfenical  acid 

Acetous  acid 

Pruflian  acid 

Pruflian  acid 

Pruflian  acid 

Acid  of  borax 

\ 

Fixed  air 

Fixed  air 

Pruflian  acid 

Pruflian  acid 

Fixed  alkali 

Fixed  alkali 

Aerial  acid 

Vol.  alkali 

Vol.  alkali 

Volatile  alkali 

Volatile  alkali 

Fat  oils 

Uncluous  oils 

IN  THE  DRY  WAY. 

Water 

Copper. 

Iron. 

Tin. 

Bismuth. 

N ICKEL." 

f 

Arsenic. 

Gold 

Nickel 

Zinc 

Lead 

Iron 

Nickel 

Silver 

Cobalt 

Mercury 

Silver 

Cobalt 

Cobalt 

Arfenic 

Manganefe 

Copper 

Gold 

Arfenic 

Copper 

Iron 

Arfenic 

Antimony 

Mercury 

Copper 

Iron 

Manganefe 

Copper 

Gold 

Antimony 

Gold 

Silver 

Zinc 

Gold 

Silver 

Tin 

Tin 

Tin 

Antimony 

Silver 

Lead 

Copper 

Antimony 

Lead 

Platina 

Tin 

Iron 

Platina 

Platina 

Gold 

Tin 

Antimony 

Manganefe 

Nickel 

Bifmuth 

Platina 

Lead 

Platina 

Nickel 

Iron 

Lead 

Zinc 

Nickel 

Bifmuth 

Arfenic 

Zinc 

Silver 

Antimony 

Bifmuth 

Lead 

Platina 

Zinc 

Cobalt 

Mercury 

Bifmuth 

Mercury 

Cobalt 

Sal.  liv.  of  fulph. 

S.  1.  of  fulphur 

S.  1.  of  fulph. 

S.  1.  of  fulph. 

S.  I.  of  fulph. 

S.  1.  of  fulph. 

Sulphur 

Sulphur  < 

Sulphur 

Sulphur 

Sulphur 

Sulphur 
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TABLE  XI.  Simple  Elective  Attractions. 


METALLIC  SUBSTANCES. 


IN  THE  HUMID  WAY. 

Calx  of  Co- 

Calx  of  Zinc. 

Calx  of  Anti- 

Calx  of  Man- 

Calx  of  Wol- 

* BALT. 

MONY, 

ganese. 

FRAM. 

Acjd  of  fugar 

Acid  of  fugar 

Acid  of  fat 

Acid  of  fugar 

Lime 

Acid  of  forrel 

Vitriolic  acid 

Marine  acid 

Acid  of  forrel 

Vegetable  alkali 

Marine  acid 

Marine  acid 

Acid  of  fugar 

Acid  of  lemon 

Volatile  alkali 

Vitriolic  acid 

Acid  of  f.  of  milk 

Vitriolic  acid 

Phofphoric  acid 

Acid  of  tartar 

Nitrous  acid 

Nitrous  acid 

Acid  of  tartar 

Nitrous  acid 

Acid  of  fat 

Acid  of  tartar 

Fluor  acid 

Acid  of  fat 

Acid  of  forrel 

Acid  of  forrel 

Marine  acid 

In  the  Dry  W a y . 

Phofphoric  acid 

Acid  of  tartar 

Acid  of  f.  of  milk 

Vitriolic  acid 

Fixed  alkali 

Fluor  acid 

Phofphoric  acid 

Phofphoric  acid 

Nitrous  acid 

Lime 

Acid  of  f.  of  milk 

Acid  of  lemon 

Acid  of  lemon 

Acid  of  f.  of  milk 

Calx  of  iron 

Acid  of  amber 

Acid  of  amber 

Acid  of  amber 

Acid  of  amber 

Calx  of  manganefe 

Acid  of  lemon 

Fluor  acid 

Fluor  acid 

Acid  of  fat 

Acid  of  ants 

Arfenical  acid 

Arfenical  acid 

Arfenical  acid 

Acid  of  milk 

Acid  of  ants 

Acid  of  ants 

Acid  of  ants 

Acetous  acid 

Acid  of  milk 

Acid  of  milk 

Acid  of  milk 

Arfenical  acid 

Acetous  acid 

Acetous  acid 

Acetous  acid 

Luyart’s  Analyfis. 

Acid  of  borax 

Acid  of  borax 

Acid  of  borax 

Pruffian  acid 

Pruffian  acid 

Pruffian  acid 

Pruffian  acid 

Aerial  acid 

Aerial  acid 

Aerial  acid 

Aerial  acid 

Volatile  alkali 

Volatile  alkali 

IN 

THE  DRY  WAY. 

CoBALTi 

Zinc. 

Antimony. 

Mancanese. 

Wolfram. 

Iron 

Copper 

Iron 

Copper 

Iron 

Nickel 

Antimony 

Copper 

Iron 

Silver 

Arfenie 

Tin 

Tin 

Cold 

Tin 

Copper 

Mercury 

Lead 

Silver 

Lead 

Gold 

Silver 

Nickel 

Tin 

Antimony 

Platina 

Gold 

Silver 

Bifmuth 

Tin 

Cobalt 

Bifmuth 

Manganefe 

Antimony 

Arfenie 

Zinc 

Gold 

Zinc 

Platina 

Gold 

Platina 

Bifmuth 

Platina 

Lead 

Mercury 

Nickel 

Arfenie 

Iron 

Cobalt 

Saline  liv.  of  fulph. 

Sal.  liv.  of  fulphur 

Sal.  liv.  of  fulphui 

Sulphur 

Sulphur 
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TABLE  XII.  Numerical  Expreftion  of  At- 
tractions by  M.  Morveau. 


Vitriolic 

Acid. 

Nitrous 

Acid. 

Marine 

Acid. 

Acetous 

Acid. 

Aerial 
Acid  or 
Fix.  Air. 

Ponderous  earth 

65 

62 

3 6 

29 

H 

Vegetable  alkali 

62 

58 

32 

26 

9 

Mineral  alkali 

58 

5° 

28 

25 

8 

Lime 

54 

44 

20 

19 

12 

Volatile  alkali 

46 

38 

14 

20 

4 

Magnefia 

5° 

40 

16 

17 

6 

Argil,  earth 

40 

3 6 

10 

*5 

2 1 

TABLE  XIII.  Of  the  Proportion  of  Ingre- 
dients in  Earths  and  Stones. 

Calcareous  Genus. 


IOO  Parts. 

Calcar. 

Argill. 

Silex. 

Mag. 

Wat. 

Iron. 

Calcareous  fpar 

55 

- 

• 

— 

1 1 

— a 

Gypfum 

32 

- 

- 

— 

38 

—1 

Fluor  ... 

SI 

- 

- 

— 

— 

c 

Tungften 

50 

- 

- 

— 

— 

—d 

Compound  fpar 

60 

- 

mm  B 

35 

— 

5 e 

Cruetzenwald  Hone 

75 

- 

. 

12 

- — 

3 J 

Calcareous  marie 

5ot°7  5 

201030 

20t030 

— 

— 

— Z 

Margodes 

5° 

32 

1 5 

— 

— 

2 

Stellated  fpar  - 

66 

- 

3° 

— 

— 

3 

Calcareous  grit  orl 
fand  ftone  J 

5° 

- 

— 

— 

—h 

Swine  ftone 

95 

mm  » 

- 

— 

— 

— ti 

Pyritaceous  limeftone 

75 

14 

- 

— 

— 

4/ 

Martial  tungften 

- 

— 

— 

50  / 

b And  30  vitriolic  acid. 


a And  34  iixed  air 

water. d 50  acid  and  iron.  e Both  earths  mild. 

g And  water. 


h Or  more  ; remainder,  filcx,  argill. 


c 43  acid  and 

— -f  Ditto.- 

and  iron. 


i And  petrol.  ; remainder,  argiH.  and  iron. k And  7 quartz  and  fulphuiy 

tl^t  is,  25.  pyrites.' / By  the  dry  way  only  30,  and  50  tungften. 


Barytic  or  Ponderous  Genus. 

ico  Parts. 

Mild  barytes  78  Earth,  20  fixed  air,  2 barofelenite. 

Barofelenite  84  Earth,  13  vitriolic  acid,  and  3 water*. 

Hepatic  ftone  33  Barofelenite,  33  filex,  2 2 alum,  7 gyp- 

fum,  5 petroleum. 


Muriatic 


Muriatic  or  Magnefian  Genus. 


ioo  Parts. 

Mild  magnefia 
Keffekil  - 

Steatites  - 

, Argillaceous  fteatites 
Chalk  of  Brian$on 
Soap  rock 
Albeftos 
Martial  afheftos 
Sober  ir.ontanum 
Amianthus  * 
Serpentine 
Talc,  Mufcovy 
Talc,  Venetian 

Note , The  magnefia 
fa  all  the  above  ftones. 


Silex. 

Calc. 

Magnefia. 

Argill 

Water. 

Iron. 

* 

— 

— 

48 

— 

22 

* 

- 

5° 

— 

5° 

— 

— 

— 

- 

80 

— 

17 

2 

— 

I 

- 

72 

— 

17 

I I 

— 

— 

- 

70 

— 

17 

I I 

— 

— t 

- 

70 

— 

i? 

1 3 

— 

- 

63 

1 1 

20 

4 

— 

2t 

- 

62 

1 2 

13*7' 

r>7 

— 

10,6 

- 

59 

I I 

24 

2 ,4 

3,61) 

- 

64 

6,9 

18,6 

3»3 

— 

I»2§ 

- 

45 

— 

23  . 

18 

12 

3 

5° 

— 

45 

5 

— 

— 

- a larger  portion  of  argill,  and  fmaller 
of  magnefia. 

and  calcareous  earths  are  in  a mild  Hate, 


* At  a medium,  and  30  fixed  air. 4 And  2 of  talc. £ At  a me- 
dium.  1|  At  a medium.- ■-  ■ ^ And  6 barytes. 


Argillaceous  Genus. 


ioo  Parts. 

Silex. 

Argill 

Pure  clay,  dry 

63 

37' 

Argillac.  marl,  dry  - 

46 

27 

Fullers  earth 

53 

18 

Pouzzolana 

57 

20 

Tripoli 

90 

7 

Pure  mica 

38 

28 

Martial  mica 

34,5 

25’5 

Roof  Hate  or  Ihiilus 

46 

26 

Flagft.  or  argill.  fhifl. 

36 

56 

Horn-done  « 

37 

2 2 

Killas 

60 

25 

Toadftone 

63 

H 

JZeolyte 

60 

20 

Pitch-done 

64 

16 

Calcareous 

Magneiia. 

lion. 

Water. 

25  t 

5 
( ; 

3 

4 

26 

*7-{ 

H 11 

18 

8 mild 

4 mild 

2 2 

•4 

4 

23 

f. 

— 

2 

16 

— 

7 

8 

9 

16 

12  § 

H.H 

5 

Gronllen 

Stellllen 

Binda 

Growan 


- Horn-Hone  and  mica,  of  born-ltone 

and  flioerl, 

- Mica,  quartz  and  argill. 

- Horn-ltone,  mica,  Ihoerl,  quartz,  and 

pyrites. 

- Argill,  mica,  and  quartz, 


* At  a medium,  when  perfedtly  dry,  63  filiceous + Mild  at  a medium. 

^ And  marine  acid  at  a medium.  White  calx  of  iron. ^ At 

a medium.— — — S And  air. 


Siliceous 
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Siliceous  Genus , 


100  Parts. 

Silex. 

Argill 

Calcar. 

Magn. 

Iron. 

Cryftal 

* 

93 

6 

1 

— 

— 

Flint 

80 

18 

2 

— 



Petrofilex 

• 

72 

22 

6 

_ 

Jafper 

- 

75 

20 

— 

— 

5 

Chalcedonian 

- 

84 

1 6 

— 

Ruby 

- 

39 

40 

mild  9 

— 

10 

Topaz 

- 

39 

46 

ditto  8 

-s- 

6 

Hyacinth 

- 

2S 

40 

dit.  20 

— 

13 

Emerald 

- 

24 

60 

8 

— 

6 

Sapphire 

- 

35 

58 

5 

— 

2 

Chryfopraftum 

- 

95 

L7 

1,2 

0,4^7 

Lapis  lazuli 

. 

_ 

— 

—l 

Felt  fpar 

- 

67 

14 

— 

8 

C 

Vefuvian  garnet 

- 

55 

39 

6 

_ 

— 

Garnet 

- 

48 

30 

12 

— 

IO 

Martial  garnet 

- 

43><5 

27,6 

IO 

— 

l9 

Shoerl  tranfparent 

- 

48 

40 

5 

1 

5 

Shoerl  black 

* 

58 

27 

5 

1 

5 

Bar  fhoerl 

• 

6 1,6 

6,6 

21,6 

5 

l,6d 

Tourmaline 

- 

37 

45 

13 

Se 

Bafaltcs 

- 

52 

15 

8 

2 

25 

Rav/ley  ragg 

- 

47  >5 

32>5 

— 

— 

20 

Comp,  and  cellular  lava 

47 

3° 

5 

— 

18 

Vitreous  ditto 

- 

49 

35 

4 

— 

12 

Another  from  Lapari 
Black  agate  of  Iceland  ’ 

r 

69 

22 

— 

9 

nearly  as  the  above 

Pumice  ftone 

84  or  90 

— 

— 

6tO  T! 

-f 

Martial  muriatic  i'par 

- 

5° 

— 

— 

30  mild 

ZOg 

Turkey  ftone 

- 

70 

5 

mild  25 

— 

—h 

Ragg  ftone 

- 

70 

5 

dit.  20 

— 

5 ? 

Siliceous  grit,  with  cal-  ' 
careous  cement 

62,5 

do-37>5 

— 

Siliceous  ditto,  with  ar- 

3^J 

gillaceous  cement  - 

77 

20 

"" 

Ditto,  with  ferruginous 

. 

80 

c 

cement 

J 

« r,6  copper,  and  fparry  acid. £ 80  martial  fluor,  20  gypfum,  as  I 

believe. c 11  ponderous. d 5 water. e At  a medium. 

f Remainder  calcareous. g As  I believe. b As  1 believe. 

L As  } believe. -—/t  As  I believe. — - — / As  I believe. 


N n 


Granite 


C S46  1 


Granite 

Stellflen 

Granitello 

Rapakivi 

Granitone 

Murkflen 

Norka 

Porphyry 


Siliceous  Genus  continued 

f Quartz,  felt  fpar  and  mica. 
1 Quartz,  felt  fpar  and  Ihoerl, 


j>  Quartz 


and 


mica. 


Pudding  {tone 
Siliceous  breccias 


j-  Felt  fpar  and  mica. 

| Quartz,  garnet,  and  mica. 

{Jafper,  chert,  lava,  fhoerl-  containing 
quartz,  felt  fpar,  fhoerl,  mica,  or  fer- 
pentine  in  a cryftalline  form. 

Jafper,  chert,  filiceous  grit,  or  lava,  con- 


taining pebbles  of  an  oval  form. 

J The  fame  ground  and  contents,  but  iq 
angular  forms. 

"Quartz,  mica,  fleatites. 

Quartz,  mica,  ferpentine. 

< Quartz,  mica,  fhoerl,  fleatites,  or  foap 
rock. 

k Quartz,  felt  fpar,  mica,  ferpentine. 

J Jafper,  or  chert,  containing  fpar  or  fer- 
} pentine.  • j 

Metallic  rock  of  Born  f Qff>rtz>.day,  “nd  fleatites,  and  felt  fpar 

iometimes. 

Variolite  - - Serpentine,  containing  various  Hones, 


Gneifs 


Amygdaloides 


1 

r i 

I < 


Proportion  of  Ingredients  in  Natural  Salts. 


Salts. 

Tartar  vitriolate 

Acids 

31 

Alka. 

63 

Earth 

Water. 

6 

Glauber’s  fait 

- 

14 

22 

— 

64 

Vitriolic  ammoniac 

42 

40 

— 

18 

Jipfom 

- 

24 

— 

19 

57 

Alum 

- 

24 

c 

18 

5-8 

Vitriol  of  iron 

- 

20 

— 

— 

55 

Ditto  of  copper 

- 

3° 

— 

— 

43 

Ditto  of  zinc 

- 

22 

— 

— 

58 

Nitre 

- 

3° 

63 

— 

7 

Cubic  nitre 

- 

29 

5° 

— 

21 

Nitrous  ammoniac 

46 

40 

— 

14 

Nitrous  felenite 

- 

33 

32 

35 

Ditto  Dplom 

- 

36 

— 

27 

37  • 

Salt  of  Silvius 

- 

3° 

63 

7 

Common  fait 

- 

33 

5° 

— 

17 

Sal  ammoniac 

- 

52 

40. 

— 

8 

Marine  felenite 

- 

42 

— 

38 

20 

Borax  purified 

- 

34 

17 

47 

2 $ iron. 

27  copper, 
20  zinc. 


INDEX. 


A. 

Achromatic  teiefcope,  269 

Acids,  124  . 

Acid,  acetous,  460,  482 

Acid  of  amber,  198 

Acid  of  ants,  523 

Acid  of  apples,  43 1 

Acid,  arfenical,  21  r,  359 

Acid  of  benzoin,  435 

Acid  of  borax,  193 

Acid  of  camphor,  45 1 

Acid  of  cork,  45  x 

Acid  of  fat,  516 

Acid  of  galls,  432 

Acid  of  lemons,  428 

Acid,  marine,  173 

Acid,  dephlogifticated  marine  * 176 

Acid  of  milk,  492 

Acid  of  molybdena,  215 

Acid,  nitrous,  151,  156 

Acid  of  phofphorus,  204 

Acid,  Pruffian,  303 

Acid  of  filk  worms,  504 

Acid  of  fpar,  196 

Acid  of  the  ftone  of  the  bladder,  507 
Acid  of  fugar,  444,  449— empyreu- 
matic,  447 

Acid  of  fugar  of  milk,  496 

Acid  of  tartar,  441— empyreumatic, 

446 

Acid  of  tin,  337 
Acid  of  tungften,  216 
Acid,  vitriolic,  140 
Acid  of  wood,  empyreumatic,  447 
Adamantine  fpar,  108 
Aggregation,  74 
Air,  alkaline,  123 
Air,  fixed,  183 
Air,  hepatic,  139 
Air,  inflammable,  95 
Air,  marine,  173 
Air,  nitrous,.  94,  159 
Air,  phofphoric,  205 


Air,  vital,  94 
Air,  vitriolic,  144 
Alembic,  36 
Alembroth,  262 
Algaroth,  380 
Alkali,  1 14 
Alloys,  131 
Alum,  142 
Amalgam,  263 
Amber,  198 
Ambergris,  508 
Ammoniac,  fal,  120,  173 
Analyfis,  1 
Animals,  41 1 
Antimony,  263,  378 
Aqua  regia,  180 
Arfenic,  212,  336 
Affaying,  130 
Afphaltum,  402 
Atmofphere,  93 
Attraftion,  2,  3,  71,  78 
Aurum  mufivum,  342 

B. 

Balance,  59 
Balfams,  139 
Barbadoes  tar,  401 
Barytes,  105 
Bath,  38 
Beer,  464 
Benzoin,  434 
Bell  metal,  285 
Bezoar  mineral,  380 
Bile,  520  / 

Bifmuth,  349 
Bleaching,  >77i  499 
Blood,  5 10 
Blow-pipe,  43 
Bones,  519 
Borax,  191 
Brafs,  288 
Bread,  461 
Bronze,  285 
Butter,  497 

N n 2 


fi-il^nine, 


I 


N 


D E X. 


r C. 

Calamine,  376 
Calcination,  33 
Calomel,  26  r,  263 
Camphor,  423 
Candles*  500 
Caffius,  powder  of,  Z25 
Celfius,  30 
Cementation,  34 
Cerufe,  270 
Charcoal,  185,  434 
Cheefe,  494 
Chemiftry  defined,  1’ 
Cinnamel,  264 
Coating,  38 
Cobalt,  366 
Colcothar,  300 
Colouring  matters,  425 
Combination,  74 
Combultion,  32,  94 
Concentration,  34 
Crawford,  Dr.  11 
Copper,  278 
Cream,  497 
Crucibles,  35 
Cryftallization,  8r,  128 
Cucurbits,  35 
Cupellation,  23  1 

D. 

Detonation,  154 
Diamond,  405 
Digeftion,  34 
Diftillation,  34,  45a 
Dutch  gold,  288 
Dying,  426 

E. 

Earths,  99 
Eggs.  497 
Eliquation,  273 
Elements,  75 
Elutriation,  345 
Eolipile,  97 
Ethers,  472 
Ethiops  mercurial,  264 
Eudiometer,  162 
Evaporation,  34 
Excrement,  507 
Extenfion,  71 


F. 


Fahrenheit,  30 
Fat,  51* 


Fermentation,  437 
Flefh,  514 
Flour,  4'9 
Freezing,  18 
Fuel,  38 

Fulminating  powder,  15.6 
Furnaces,  37 
Fufion,  34 

G. 

Gaftric  fluid,  522 
Glafs,  120 
Glue,  513 

Gluten,  vegetable,  42a 
Gold,  221 
Gravity,  72 
Grotto  del  Can®,  184 
Gum,  4'7 
Gunpowder,  154 
Gypfum,  104,  143 

J H. 

Hair,  503 
Heat,  2,  5,  87 
Homberg’s  phofphorus,  173 
Honey,  498 

I. 

Jargon  of  Ceylon,  n* 

Jelly»  5J3 

Jet,  402 
Inertia,  71 

Inflammation,  fpontaneous,  165,31*^ 

34r»  392 

Ink 

Integrant,  74 
Iron,  293 

K. 

Kermes  mineral,  382 
Kier,  his  acid,  169,  241 
Koumifs,  465 

L. 

’Lac,  302 
Lead,  268 

Libavius;  fuming  liquor  of,  33 1 
Light,  87 
Litharge,  269 
Liver  of  fulphur,  137 
Luna  cornea,  .238 
Lunar,  cauftic,  238 
Lutes,  39 


1 


Magnet 


1 N 


« 


D P X. 


• M. 

Magnena,  ic6 
Magiftery  of  bifmuth,  350 
Malt,  464 
Manganefe,  386 
Matrafs,  35 
Mercury,  256 
Metals,  85,  i*7 
Methcglin,  465 
Milk,  491 
Mines,  129 
Minium,  268 
Mixture,  74 
Molybdena,  215 

N. 

Nickel,  353 
Nitre,  15 1 
Nooth,  Dr.  54 

O. 

Oils,  fat,  4201 

volatile  or  effential,  42a 

Orpiment,  358 

P. 

Parting,  23  a 
Peat,  402  >. 

Petroleum,  4»2 

Pewter,  343 

Phofphorus,  200 

Phlogifton,  89,  93 

Pit-coal,  402 

Pitch-blende,  398 

Plati.na,  251 

Plumbago,  326—332 

Polarity,  81  , 

Precipitate  per  fe,  256,  2C5  red, 

259.  . 

Precipitation,  77 
Principles,  75,  83 
Procefles,  33 
Pruflian  blue,  302 
Putty,  346 
Pyrites,  135 

Qc. 

Quartation,  232 

R 


Receivers,  36 
Rcdtilication,  34 
Regulus,  128 
Refins,  423 
Refpiration,  94 
Retorts,  3 ? » 

Roafting,  33 

S. 

Salt,  common,  17® 

Salts,  85 
Saturation,  7& 

Serum,  51a 
Siderite,  313 
Silk,  504 
Silver,  236 
Smalt,  370 
Smell,  424 
Soap,  1)9 
Solder,  129,  273 
Solvent,  76 
Sorrel,  fait  of,  442^ 

Speculum  metal,  285 
Spelter,  377 

Spermaceti,  517 
Spirit,  ardent,  459,  46l> 

Starch,  4~° 

Steam,  17 
Steel,  320 
Stills,  36 

Stone  of  the  bladder,  506 
Sublimation,  34 
Sublimate,  3 3—  corrofwe,  2f»J, 
Sugar,  418 

- of  lead,  271 

of  milk,  494 

Sulphur,  13  S 

Sufpenfion,  75 
Synthdis,  1 

T. 

Tallow,  mineral,  402 
Tartar,  437,  4<*1 

Temperature,  6 

Terms,  4 

Thermometer,  10,  16,  23,  102 

Tin,  334 

Tin  plate,  3 13 
Touch-needles,  233 
Tree  of  Diana,  243 
Tungften,  215 
Turbith  mineral,  258 

0,  v. 


m Realgar,  358 

Rg^vmw,  3? 


Uranite,  or  uranium,  398 
Urin*,  506 


v«g«uW*«, 


\ 


i *r 


Vegetable*,  4x0 
Verdigris,  281 
Vermilion,  264 
Vinegar,  460 

W. 

Water,  76,  95 
Wax,  498 
Weights,  65 
Welding,  252,  324 
Wine,  463 


E X. 

Wolfram,  216,  ta* 
Wool,  505 

Y. 

Yeaft,  459,  461 

Z. 

Zaffre,  370 
Zinc,  372 


■ 


;*  ' 


i 


* • 


. 


n 


ur 


